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aunslalounulnig 3 + p’ -q° = u?

ON THE DIOPHANTINE EQUATION 3" + p’ -q° = u®

alng il amnendins’ asu mf'*

Nattawat Samaapatl, Suton Tadee'*

‘T Indamans malzIveimansuazinalulad un1IeIaesIvagnan 3
1Depcm‘mem‘ of Mathematics, Faculty of Science and Technology, Thepsatri Rajabhat University
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Tuauidedladnwmazmnaaassuiudud i uavisnunvesaunisialownulnid
F+pY-q=u? e XY,z waru tudruwduildiduau wag p, qudusdiviuianiy laei
p=>5(mod12) uaz q=5(mod12)lngldnsitgatinmumainmsmendinaansusznouiuauinugm

[ 4

MINUHTIU WU SUenIE dauna wazdgdnvaliaoded [Wudu nan1Idenudn aun1sienand
nataesuduiiliiduauifismanasies fe (x,y,2,u)=(10,0,2) wenNil NasUITeIna
anunsadlulFlunswinamassuuduildiduavvesaunisialownulny 3+ pY-q? =u? e t
Dusnuduiliduau
Aandgy: aunstalownulni; S1unuany; aunie; dyanvaliasasia
ABSTRACT

In this paper, we study and find all non-negative integer solutions of the Diophantine
equation 3*+ p’-q” =u?, where X,¥,Z and U are non-negative integers and P, (are prime
numbers with p = 5(mod12) and g= 5(m0d12). By using mathematical proofs combined with
basic knowledge of number theory, such as: prime number, congruence and Legendre symbol, the
results of the research were found that the Diophantine equation has the unique non-negative
integer solution. That is (X, Y, z,u) = (ZL 0,0, 2). Moreover, it can be used to find the non-negative

integer solutions of the Diophantine equation 3" + p¥-q* = u®, where t isa non-negative integer.

Keywords: Diophantine equation; Prime number; Congruence; Legendre symbol
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1. unin

TutUssanavimenssuiinnun fdnadamanssiuldiesiildlianuaulalunsine
vwaLaasduiudlsiiduauvesaunislalownuln (Diophantine equation) fieglugy 3* +n! =72
o x,y,z Wudwwdndlibuau wez n WJudwiuduuin lasannsieued3delddnuduaii
NaUATETRLAN annsoutsnuideeantdidu 3 ndu el

ﬂq'm?i 1 finsannsdid n Huswamanis fegimanuise wu 1w ad. 2013 Sroysang [1]
logaddraumslalownulnd 3 +2¥ =2z° duawas (X, y, z) awsalaas fe (1,0,2),(0,3,3) uay
(2,4,5) warludifieadu Sroysang [2] lawansdnatgdnaunisialeunulmi 3 +17¥ =z° dwaiaae
(x,y,2) \RaNALRAEFEYINTY D (1,0,2) wenani Rabago [3] leuanaingesaunisinlawnulng
3 +19” =7 up 3 +91Y =72 Twawaavaowmaiany dwielud (x, Y, 2) €{(1,0,2),(4110)} uas
(X, Y, Z) € {(l, 0, 2),(2,1,10)} ANa1aU wazmen1lul A.A. 2017 Asthana and Singh [4] 19’1"1@@5]‘15%
aunistaleunulni 3 +13¥ = 2% fuawaae (X, Y, 2) Analaaovingy Ao (1L0,2),(11,4),(3 2,14)
way (5,1,16) Tul a.A. 2018 Rao [5] ldAunuitaunisialourulnt 3 +7¥ =2° duawaae (X, y, z)
\gsansnaanYingy Ao (1,0,2) uaz (2,1 4) w§sansulud @A 2020 Asthana and Singh [6] 191
wansiraunisialeuniulnyd 3 +117Y =22 fiuaway (X, y,z) Ao (1,0,2),(3,1,12),(7,1,48) uay
(7,2,126) lud a.f. 2021 Tangjai and Chubthaisong [7] lednwraunisialewnulng 3*+ p? =22
o p udwnuany Inefl p=2(mod3) uaysennlull a.e. 2024 Paisal et al. [8] l¥figaviinaunns
lalaunulni 3* +97' =2* faewainas Ao (X, Y, z)e{(l, 0, 2),(1,1,10)} waglud a.d. 2025
Manikandan and Venkatraman [9] lauansinaunisialownulny 3 +227Y = 7% waz 3* +229Y = 7°
finawaae fio (X, y,2)e{(1,0,2)} uar (X, y,2)e{(10,2),(3,116)} nugiu

nauil 2 fiansannsdli n uduauuszneu degmanuide W Tud a.a. 2014 Sroysang
[10] [11] lafigaudn aunsialewnulny 3 +45Y =z uay 3 +85Y =7° dnawasiivwaiaasiie)
Ao (% y,2)=(10,2) uagaourlud a.A. 2020 Sangam [12] ldWgaud1 aunislaleuulni
3 +6" =2° fnawasduamfuuin (X, Y, z) Wewunanay A (11,3),(2,3,15) uaz (6, 4,45)
Tud A.e. 2022 Biswas [13] lafigadn aunisialeunulnid 3 +35” = 2% finaway (X, Y, z) iieswes
HALRAINTY Ao (10,2)uaz (0,1,6) Tul A.A. 2023 Srimud and Tadee [14] laAnwinaiaasves
aunslalewnuln 3* +b” =22 e b (Juswawduuin Teedl b= 5(mod20) %38 b=5(mod30)
Tud a./. 2024 Malavika and Venkatraman [15] lafigaudn aunistalounulni 3 +121 =7° dua
way (X, Y, 2) \gsaHalRaNTY Ao (10,2)uaz (5,2,122) uag Biswas [16] leuanainaunis
Ialeunulnid 3 +63 =z° finawae (X, y,z) aewmaas Ao (1,0,2)uaz (0,1,8) dielaiunuanid
Tu¥ A.e. 2025 Biswas [17] lafnwuaziigaudn aunisialeunulml 3 +15Y = 2% finawas (X, Y, 2)

desralasviniu Ae (1,0, 2)uar (0,1, 4) wenainil Rao [18] leAnwmaiaasvesaunsialownulni

X y a ° A
(Bk —1) +(3k) =7% o k,x,y way z Wudwaudunladiduay
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1A

ngufl 3 Anrsannsdld nY eglusu pY-q? e p waz q Wudiwamanzldimunsnli
feg1anasuIve wiu Tul a.a. 2015 Ai-juan and Mou-Jie [19] laAnwlazAunUI aunisialownulny
3 4+5Y.19% = ? fwawmassuuiuiilifuau (X, y,z,u) anuwaaas Ao (1,0,0,2),(4,0,1,10)
way (2,2,1,22) wourlud a.m. 2019 Vesarachasart et al. [20] ld g atid1aunislalownulni
3 45 .72 =2 duateassiuawdui lahduau (x,y,z,u) Wesdnaanyingy e (1,0,0,2),
(2,0,1,4),(4,2,1,16) uaz (14, 4,1, 2188)

PNMIANYINUITEAINA1IT 1A Y Imal,awwmuié’ﬂiuﬂfjuﬁ 3 v‘fﬂﬁﬂmséﬁﬁ’ﬂaﬂﬁlﬁ%ﬁﬂm
Fupimuanassnuduiliifuavresaunisialourulmi 3+ p’ g7 =u? e XY,z wazu Ju
Fnuduiliiduau uaz p, qiiudwouens nedi p=5(mod12) uaz q=5(mod12) &ly
mu'ﬁ%’aﬁaﬂ%maﬁqaﬂmwé’ﬂmimmz:ﬁmmam%Uizﬂa‘uﬁummiﬁugwquwﬁﬁmu WU 31U

a1z (prime number) @1n1A (congruence) Way dyanuailanaesA (Legendre symbol) Wudu

2. AUSNUFIU
Y &9

Tuideiiaznumuanuiiferiuanunineuasaudiilewuresauniaiasdyanualineaen

1

uaaulul

undienn 2.1 21 W n W@udwnufuuin 93081731 desdwiufu a waz b aunie uie peunsioud
uegla (congruent modulo) n WWeuuvusig a=b(modn) 0 n w15 a—b awh wie a-b=nk

dmsuunednudy K

nguiun 2.2 (211 1% n>1 Wuswnwduuan uar a,b,c,d ifuswuawdila q wldideanudelud
Juass
1. a=a(modn)
2. o a=b(modn)ui b=a(modn)
=h( ) uaz b=c(modn)udra=c(modn)
a. o a=b(modn)uaz c=d(modn)uir a+c=b+d(modn)uasac=bd(modn)
5. o1 a=b(modn)uir a+c=b+c(modn) uaz ac=hc(modn)
(modn)udn

6. 1 a=b(modn)ufr a* =b*(modn) dwiunnduduuin k

ununsn 2.3 [22] 1 n>1 Wudwnwdiuuin uaz a,bdudwawule g Alildaud agldi

i a=b(modn) ui a“=b*(modn) dwmsunndnuaunliduau k

nguiun 2.4 22 i1 2 Wuswouduitliluau udr 22 =0(mod4) vie 2% =1(mod4)
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unden 25021 18 p dugruawanizd waz a 1Judruiwdy lned ged(a, p)=1
i1 x* =a(mod p) finaiae axiien a 31 iffuaaunna 1971804 (quadratic residue) 10¢ P uay

dlifinalaas 9z5un a 1 Wiudiunnaviiasaes (quadratic non-residue) 489 P

undlew 2.6 [21] W p WWudwiuaned way a Wudwawdu laedl ged(a, p)=1
dgyanwalaesvasd (Legendre symbol) (a/p) flenulay
(a/p)=1 dio a Judusndemdsaewes p

(a/p)=-1 e a Lilfudunnieidsassuos p

nguwiun 27 2015 p (Judiwiutenizd uaz ab 1Wudiuiwdu Tasd ged(a, p)=1 uay

ged(b, p) =1 selghandineluiifuass

naufun 2.8 (211 W p =3 Wudnouwanzd azlii

(3/p)=1 e p=1(mod12) vie p=11(mod12)

(3/p)=-1  ule p=5(mod12) w3 p=7(mod12)
uaﬂmﬂﬁ”ﬂﬁé‘ﬂuﬁwqwﬁwﬁﬁwmm”]ﬁzyiuawu%%’afLLax"Lé’ﬁqaﬁiﬂa Sroysang vlad A.f.

2012 ¢il

noufun 2.9 [23] (1 2) Junawane (X, 2) wawasifevesaunslalowriulmi 3* +1= 27> dlo x uay

7 Wudhwuduildiduau
3. waeagvasaunsialaunulmi 3 + p¥ -q° =u?

naufiun 3.1 W p wezq Wudnuens aedl p =5(mod12)uaz q=5(mod12) azléd1 aunis
Ialounulni

3+ p’-q° =u? (1)

finaasdwnudunliduau (X, y, z,u) Wewawasides fie (1,0,0,2)
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wgad W x, y, z uaz u Wudwwduiliduau wagyilviaunis (1) 1Wuate lesann p=5(mod12)
wag q=5(mod12) wszavdu p=1(mod4) uay q=1(mod4) mud1du AsuNUNLNTA 2.3

agled p’ =1(mod4) uaz q° =1(mod4) wazanvnquijun 2.2 e 4 azled

p’-q* =1(mod4) (2)
waza1n 3=-1(mod4) Feuununsn 2.3 avlddn 3 E(—l)x(m0d4) LazANANNA (2) LA

3+ p’-q" =(-1)" +1(mod4) wazanaunis (1) aledn
u® =(-1)" +1(mod4) (3)

soluazuantdn x Wudwind Ingldnsiigaiuuumdedauds auufdn x 1Wudaug dnuainaunia
(3) a¥ldan u? =2(mod4) Faduldldld lesandaudstunguiun 24 wsrwavidu x WGudwoud
Tugnsudnluazuwaniiansan 2 nsal aarabul

NN 1. y=0 fatuainauns (1) aglei

3+ =u? (@)

nsalfl 1.1 z=0 dsiuainaunis (@) agldan 3 +1=u® wazillosanvgufun 2.9
e x=1 uag u=2 wsezazdu (X, y,z,u)=(10,0,2)

nsed 1.2 z>1wmszazdu =0(modq) Aeluanngquiun 2.2 9lain
3 +q' =3"+0" =3 (modq) wazarnaun1s (@) azldd1 u?=3"(modq) wws1zayiy

(3/a) =1 uazmnnguiiun 2.7 4o 4 arlda (3/a)=(3/q)" wazamn x i Fedu

(3/9) =1 wsrzaziuannquiun 28 agldd1 q=1(mod12) u3e q=11(mod12)

'
=

Faduldlallel Wesan q=5(mod12) deiu Tunsdlidslifinaiaas

nsalil 2. y>1 wwsizavdu p’ =0(mod p) uazidesannguiun 2.2 ¥e 4 9zl

v
v o

p’-q*=0-q"=0(mod p) e 3+ p’-q°=3"+0=3"(mod p) wazanaunis (1)

9gld71 u” =3"(mod p) wms1zazdy (3x/p)=1 wazaINNguiUn 2.7 10 4 agladn
(3x/p)=(3/ p)* waziflesan x Wuswaud o (3/p)=1 wmszaiunmguiun 2.8

v
o

wlédn p=1(mod12) wie p=11(mod12) Fadululils esan p=5(modl2) Fuu

Tunsdliifalsifinaaay
niisaeensdl aguladn aunislauniulnd (1) Snawasdunuanildduauifismanasfonin fe
(x,y,2,u)=(1,0,0,2)

nnngufun 3.1 awnsaluldigainguunndidaununountdls wu
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noufun 3.2 [23] (1 0, 2)Junaiaas (X, y, 2) ssmainasiieivesaunislaleurulm 3* +5' =27

P & o & av 1@
W X, Y wag z Wudruudunlididuau

noufun 3.3 2] (1,0, 2) Jusaians (X, y, 2) Wemamasidervesaunslalownulni 3* +177 =72

P & o & av 1@
W X,y wag z Wudruudunlididuau

nauiun 3.4 [11] (1,0, 2) Junaimae (X, y, 2) Wewawasieivesaunisialownulni 3* +85” = 2°

P & o & av 1@
W X,y wag z Wudruudunlididuau

wonnfluauideves Sroysang [11] ldwansin (1,0,0,2) Wunaae (x,u,v, 2)
nalnasvilsvesaunisialownulmi 3 +5"-17' =z% elufidl maRarsunannguun 3.1 azagy

WiAnlen nanassananduiswanasieiwingiuy

ngufiun 3.5 aunslalewriulmi 3 +5° 17" = 2% Srawasswwduiliduau (x,u,v, ) iiiswa

waeided Ae (1,0,0,2)

naufun 3.6 1% p uar q Dusuauans Taeil p= 5(mod12)uaz q=5(mod12) azlei
dunisialownulni
3x+ py,qz =u2l (5)

TnaasTuudualdiduau (X, Y, z,u, t) \ewaaeiden fe (1,0,0,2,1)

wgad W Xy, z,u waz t Wudiwiwdud liduau daiilaunis 6)1uase insivasiy
2 J a v v ¥
F+p’-q =(u‘) waztilosnnguun 3.1 9¢lad1 x=1,y=0,2=0 was u' =2 aedu u=2

way t=1 tuie (xy,2,u,t)=(1,0,0,2,1)

4. d3UuaraUseNanIsIdY

v
(%

Tuuddeiilafgauinaunislalowrulny 3+ p¥-q* =u? dle Xy, z wazu WHusu
wudtldiduau war p, qdusuane tned p=5(mod12) war q=5(mod12) Txalaasduiu
diliduauifismananfonyint A (X y,2,u)=(10,0,2) %ﬂiumiﬁqaﬂl,ﬁamNal,aasjﬁ’aﬂénlﬁ
THifssnnudiugiunamguisiuay iwu S1uaumens (prime number) a@unna (congruence) dauanéng
f&de (quadratic residue) uazdaydnualiasassd (Legendre symbol) Wusy wazannwanuideiivily

Ioasranuslmigavengainasdnnuiiay dunaldarnnsiilldigainguiuniddfndunoundiila

2
§a

WU VIQUAUN 3.2 - 3.4 waraunsninliaIwideves Sroysang [11] fauanysad@unsilausinglu
nguiun 3.5 uonanil Feaunsadmaideilalulduansinaunistalowrulnyd 3 + p’ -q> =u* fna

wagIuuduAliiduau (X, y,2,u, t) igsaasiied Ae (1,0,0,2,1) wiipgalsAnuluanuited
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fafldedninneldifeuledl p=5(mod12) war q=5(mod12) \esainnnsfigaidluiiddaniy
fududedldiiouly p=1(mod4), g=1(mod4) uaz (3/p)=(3/q)=-1 wszaziy edsnady
dshaulalumsfinunduaindeluilomnaasvesaunslalowiilmifindnneldfouludy
AvauAN
ALK vevauAuan TWITouazimun angdIngrmaniuazinalulad W inede vy

winasslvinsatuayunisvinideluasail
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unAnge

iAdeiiatunsdaunseitanlasmielang8un3e (Metal Organic Frameworks; MOF) dos
¥fin 1&ur MOF-Ni-DMF wag MOF-Ni-DI titeUsgndldlunisgaivadenmiiseaisudluddedanssy
nszvunsduasTeilddnialanaolsioneelomse wasnsauuiu-1,3 5-lasauendan 1neil MOF-Ni-
DMF 4lawiianlasanslud Wugvhazans vaugdl MOF-NI-DI 14 dugvhazans aeldgumad 120
osrnwwaidea Wunan 24 §2lus nansvaneamuin Yan MOF fiduaseildiaesin fdnunsifuned
Jeageu edinmeidnuazauifsomada FTIR nan1svaasauandiiiiuinfinves Ni-O Uit 720
cm™ fiAvyArsuendian (-COO) Aulaneliniia Tugae 1650-1350 cm™ WanyiAsuetia (C=0) Ui
1720 e wazdievflensanda (-OH) U3l 3600 cm Tavguazansduniginisassiuse fulneiiia
Tonzdinifa ua I BTC aglulasiadsvesiiaes mnnsinssilassadmdndomaiansidsauusd

=

@ng  WUI1 MOF-Ni-DMF filassasnandniiiluseidsu (Crystalline) wag MOF-Ni-DI fldnwaugidu

N

lAs9a319ednugIu (Amorphous)  Tnedaniie Zeta potential 499 MOF-Ni-DMF 11U —12.7 mV ua
MOF-Ni-DI 1¥infiu —15.2 mV anuafy Lﬁ'aﬁwmsﬁﬂmﬂszﬁw%mwmmmsz?’uLuﬁaamsuﬂmﬁ,ﬁa
dapsedt 1 pH 5.6 uazaumgll 25 sarmiwala HansvaassUI NsEUIUNSYRTULIdaunaniely
1381 40 W19l lag MOF-Ni-DMF Uansaussaugn1sgatugandt MOF-Ni-DI Tunnseduaududuveuuii
ADBLSUSTISEAU 20, 50 uaz 100 Hadnsudedns uraulafe finaududu 20 fadnsuseans MOF-Ni-
DMF anansagedulsiaean 141.73 fadn3usion3u (99.52%) vauxil MOF-Ni-DI gadulé 98.67 fiadnusie

n¥u (69.28%) nnfinssunisgaduresianivassasnndasiuuuuiiasleleinesuves Freundlich
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Tnganie MOF-Ni-DMF fiflan R? 8903 0.99937 wansbiiuiiadnenimues MOF A&uAT1vsiEe DMF Tu

nsUidmindeainddeustnediusednsam
AdnARY: ramnsINdwe; Tanlasaelanedunid; wiiaseisud; n1sgadu

ABSTRACT

This research focuses on the synthesis of two types of Metal Organic Frameworks (MOF),
including MOF-Ni-DMF and MOF-Ni-DI, for application in the adsorption of methyl orange dye from
synthetic wastewater. Both were synthesized by using nickel (II) chloride hexahydrate and 1,3,5-
benzenetricarboxylic as precursors. N, N-Dimethylformamide (DMF) was used as the solvent for
MOF-Ni-DMF, while deionized water was used for MOF-Ni-DI. The synthesis was conducted at 120
°C for 24 h. The results showed that both synthesized MOF appeared as light green powders.
Fourier-transform infrared spectroscopy (FTIR) analysis revealed the presence of Ni-O vibration at
around 720 cm™, carboxylate groups (-COO) coordinated with nickel in the range of 1650-1350 cm™,
carbonyl (C=0) groups at approximately 1720 cm™, and hydroxyl (~<OH) groups around 3400 cm™.
These results confirm the successful coordination between nickel ions and organic ligands (BTC) in
the framework structures of both materials. crystallinity was examined using X-ray diffraction (XRD)
analysis indicated that MOF-Ni-DMF possessed a well-defined crystalline structure, whereas MOF-
Ni-DI exhibited an amorphous structure. The zeta potential values of MOF-Ni-DMF and MOF-Ni-DI
were -12.7 mV and -15.2 mV, respectively. The adsorption performance of both materials was
evaluated for methyl orange removal from synthetic wastewater at pH 5.6 and 25 °C. The
adsorption process reached equilibrium within 40 min. MOF-Ni-DMF demonstrated superior
adsorption performance compared to MOF-Ni-DI at all initial dye concentrations (20, 50, and 100
mg/L). Notably, at an initial concentration of 20 mg/L, MOF-Ni-DMF achieved a maximum adsorption
capacity of 141.73 mg/g (99.52%), whereas MOF-Ni-DI showed a capacity of 98.67 mg/g (69.28%).
The adsorption behavior of both materials was well described by the Freundlich isotherm model,
with MOF-Ni-DMF exhibiting a high correlation coefficient (R?2 = 0.99937). These findings highlight
the strong potential of DMF-synthesized MOF for efficient dye removal in wastewater treatment

applications.

Keywords: Textile Industry; Metal Organic Framework (MOF); Methyl orange; Adsorption
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1. uni

a

gaamnssdmeiiugnamnssumdniidaud dydesruuiasusia wandusiindaldain
qmmmisuﬁmauauaqmmﬁaqmiﬁugwﬂumsﬁﬁﬁ%maﬂwwé iauﬁqﬂmﬁu@mmw%ﬁw%mm
nynsludinUszsiurenst wu el wdesjuiy wesliweslutiu Amedmueueud (Judu
adnslsinunsyuiumsnandmensliiinuafivdodwindouuardmanssnuathannsounanii e1ne
waziu Tnglawvesaduafivnini [1] Wewnlunsyuiumswanamesinstditlunaneduney 1wy
msvdndsantsn nswen msdeu waznisans ldAndefilansduideusuiumnn Tnslawzdden 3

mngnudsegunanilagusmnnsiidaimangay asdwansenudedawindeulaense ddeslulube

fnUsznaumlvalsdunsdndesaanslaenn wariinanoseuuinemiaii Inedisgluinvinlrusunauasi

Y
v

dosrinuasgliinanas dwansenusensruIunsduaziisuawesiivdn Snsruilufiveesddeuds
denalaunsanonisasyiAvlavesisuinardnitundnaie Wy ddeuanunsawmideidrlminniunien

29NTLATU (Oxidative Stress) FIdINaLFLADIATIAT WAL NSYINNUVDLYAAVRIAINTIN I USTUUTLIALUN

v '
a v o o a1

Snnsdailiumanhiiviadenmdlivimes (2] niduddouiinulugramnssudmede witaessus duiu

a

ddonniinesly (Azo Dye) WuAnTusvesly (-N=N-) o1afluinnimisiusylulanavesddon

(%

238

ee

v
'

&
o funguadoniifiuinunmsnannnigelugnamnssuaiiddonlutiaqiu uasduultuiiosfivgaiuly
awan adensslalasumudouiemnmatsady wu aunanratsveslasaiefiannsausunadls
wnzautunsdanuiivannuane

AINUTENIANTENTIGAAMNTTY WA, 2560 lanmualiadluuifisdaslaiiu 300 ADMI [3]

'
Y o w aa a ' '

fadu Tssnugaamnssuddndudedissuuirtai dsedniamlunisidadlundeneulaesd

i
aac o v a U ad = = a o w

Fawandoy Faludaguuiisnisndndludidenaasnianienin 1Al wasdinn Jausazizidedning

< Y

o I ac = Y a = | a = I Al @ add & a
LONAINAY LYY IDNINYINTN L‘1J‘um'ﬂ‘ijfgaw/li‘c’ﬂuﬂﬁﬂaaaaﬁﬂaﬂiauw‘iﬂumLaEJ 19anABLUUIsNILUULNT

'
v a '

Audawndounazuuan widvedninlusewedssezain siitaniuukasUssdnsnine1aanamin
ansiwgaludndes 35n1enieain wu nisldwalulagiuuusy auisauenarsvudoulaegiall

1Y) =

Usgdnsnmuazsingi uaduyugunsaluaznisuizessnwfige waeiBmand ldun nsvuiaunisesndindu

nsanazneu Jeausatrtaidndelasinsuaziivssdniaings uiiliAlddnegeuazetanaliiineans

anAedusdunse annaznau dadunisylunisannis [4] [5]

v
o

wuneit i Fuanuaulalutiagiudmiunsvidadnde Aenslitanlassnelavgdunie
(Metal-Organic Frameworks: MOF) aiduiandslassairsusznevsioviaslanzuazdanosdunien
anunsnUsuuidlitlassadonarauanoRlniulumuiidonisld Snuautfinufo fuifinge arumsu
yuneLn uazauanansatunsuTuiadasaassdvils MoF funuludunistdaansumdenluh
devialaneninruieddon (6] Faduiihadlalumstanidnenimues MOF dwiuldlunisminddenly

Wdgangnanvnssudane
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2. 1PNEITHATIUIEANEITD9

2.1 enasinegadas

v

ddeuduansusynouniiiannsalid@leenisgandunadlutisadnasufivewiiuld wasaziiou

o = v =

waslugisaunasudu q nduesnun vinliingfigndeudddunuendiuld auaudfdidyvesddonde

9 U

ANNEINSatuNTAaEAIEvTENTEEATluAINaNY Lavanunsaaiaiuseiuiannasdeuls lnaanizagng

'
a

fevandidlassadsluanadudedonisunsnduredluanaddomd lu wu wduledn wils uiedule
Fupsed lueinddoudnlngldanunassssund Wy asa vilu ade Judy wiilestedositadu
ATATLADLAY 1139918 wagduuNTHAR SelimaiannEdeuduameituainsandnluyiinasin
ANUNAINTIa8veId waraiusanuaNAuaNURlinudeinis [7) dwlvgiinansenuneavninves
34870 vonntumsddesddenduameiilildsunisthnasgiunndonoiade hanaudede
szuvinauasnoliiAnamansznudeguamuesyudly ihudunmisundnszasanunani gAu uag
vudeudguldemsdmiumsuilaevesuyys (2] maszuisiififnisud euddouasgunay
reliAnmadsudveunduihiyuindedsmaliasisidudenssuiunsdaungivadldaunsodes

o

dululdegafisans wazsdun1stavINansEUINNTANATIZILAIvRIivUn Yanand Adaudanunse

a & o

avauagluiien, iuddia visauewwesal iluguansenumaiwinengdlunintu ddouiduiiug

Lo

'
v fa

annsnavauluiedalufuresan (Bioaccumulation) Fufiumundssiequnnvosuyuduazdns
uilnasiuvhdldewns [8] msdudatuadoudunsmeideuiululifaenoliAnlsadaus A mlssnay
(Dermatitis) lUauflsanuiaunfvesssuulssamaiunans sauisanuiaun@iveteioizeng q uagaiu
dowoniniaud dunsduialaenssiudden ihandivudouddon uasnsuslnremnsiivuieu
nsdudalnemss vidomsganunsddon [9] uenaintu nisszuneiefivutouddenasgundesesiuth
sssumAdmanieniamainuns Inolanznsviuseas Suduamdnmansughavemaisussva o
¢sumansznulnemsaamaidyiuln wavauamvesdnith iiansavadluidldoms dwaliuanan
maanas myvuilouvesddeulunanihduiharednenmiunmstendien vilitnvieiisranas duwa
nsgMuslegsRiietesiumsvieaiios 1wy Tsausu $rue1vng uaggsiauinmsdu 4 [10]
Tanlasaurelanedunsy (Metal Organic Framework; MOF) Wuansuszneuidlaseadig
Usgnoudae 2 dau Ao dauiidulans (Metal) fviwifidugesie (Nodes) wazdmidudndoudunid
(Organic ligands) viwihilusaiden (linkers) dwaliiinlassasamdniiiulsaisegradussidou s
nugaziuiiian SsnuautRvariduaiudnennlunisussgndldenlunannansdnidanunsod
Usuiasuldmuaudenistusgfuanmsiayiinislunmsdaesed dauautflanu wu fuiifags
anuannsalumsyiuusdassadng uasgngurueuilu Sudedensgaduansuaiiv iy ddeu lavewiin
voasiall MOF Fefidnunmlunsihanldlusudwadnde msvudeen wousislussuufundsny

¥
£ ]

[11] Auvainnatenialasasieimunvandmiunisussyndldnulunainvalesiu dealuisng

o A

dauaszai MOF Jadlutumauddydmasenuauifuazszavsnmussianineanideilladenldisnis

Fuaszrwuulalamesuea (Solvothermal Method) Wuisnteuldacawnsranslunismsey MOF ande

Asaraevadlanzway AuTeudunsd Tusvinaraglnenauasaadumenulusvinazats winluns
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o

Fauasgi MOF Tidusvhavaneiissegaden 9138n35131 hydrothermal method Fsfiealduisnile
Meglunguieliu solvothermal method antuthansarargluldlunvuguisewuuln nmsdaunsien

v
P

fedsl aunsasnilunsdansigilanielunssuiunisiden (one pot synthesis) Inglaidndudesld

€

TunouLAs sunsauena1snsruiidudeu nannisnwusidussiisvnaziinnudundniden (single
crystalline) wlgaanlunisiinufnseruudnldiaiatedalus wazdesdinslgdiazaieusuiamuin

g1aiuduuLarUTINavedeIndhasanendinsduas e

Aaantimulassadisiannsausuilasulassasnsls danudundn dgngu Nufinags wazd

U

v A 9

lnssasnefiudeuss ol MOF WutanifidnenmlunisihudszandléidutangaduluszuudiUai

\de (MOF as adsorbent in wastewater treatment) %ﬁLVIﬂIuIagﬂ?i@ﬂﬁvﬁui%ﬁumuﬁﬂ ASlEUEEAIN

q

v
(K

Fadunfienlunsidaasensgesnainindes Ussdnsamlunisidnddenvesansgadutinivegiviaie

Y

o

Tun1sgadu Wy gaumgl, YSunaansgadu, Anudutuisuiuvesdden waviandulasneiie [12]

2.2 yAteTiientias

Chen wazAy [13] loin1sdansiest MOF tagn Nickel (II) nitrate 1,3,5-benzenetricarboxylic
(BTO) uaz N, N-Dimethylformamide (DMF) llianusounuinfingnoudileinnaznoueg ntiudn
fhelevuea wagauwi LasAnvidnwurautRvesianlaewmain FTIR uay XRD wuirfaniidanseild
\Ju MOF Radhika wagmug [14] ladaas1¥sf MOF 210 Nickel (1) chloride hexahydrate BTC avanely
DMF f\]wﬂﬂguﬁﬂﬂiﬁmm%"auwudwﬁmmauﬁLsﬁmmﬂmﬂauaq'mmﬁgué'wﬁamamuaa uazauULie Ul
AnwdnuwauraniAvesianlaenada FTIR wuag XRD wuiranfidunseléifiu MOF Haque wazany
[15] Anwinsgaduiiiasaisuiuasiufiauuglaedauasieyt MOF-235 210 Ferric Chloride Hexahydrate
BDC WJuansadulneld DMF Wlusviazans thansavanenauiuieniuea uarlienudou sxnundidu
'«aWﬂuuuﬂﬂmaaumﬁmmuLmaaamuawuﬂi:ﬁqmuau LLavLmauuqﬁ“ﬂi uiuuan Tnefiguund 25,
35 uay 45 samwaLdea nuilunisgaduliinosisuiiinsgaduldAnaniionmad 45 ssmwadea uas
fianudutuvenuiiaoaisus 20 30 wavdo me/L Qmsﬁulﬁﬁﬁmmmmu 40 mg/L dnwaugn139Agy
d0nAa 897U pseudo second-order kinetic models Lagwua1 MOF-235 ﬁmmmmmiummm%’u
11NN A UL U @90 Ragui wazAy [16] #91AT1¥% MOF N@BTC Tauun Nickel (II) nitrate
hexahydrate Waz1,3,5-benzenetricarboxylic acid (BTC) uansdadiu Tneienuea (Ethanol) iuiavh
aza1e Iimwdeugumgll 150 asrnwaidoa Wunan 24 §2lus wuindnzneudiferdeunnaznouey

o o

anuvazauURvesTaniagldvnaila FTIR uaz XRD wuiraniiduasizildidu MOF Uszqiiuiaves N@BTC

q

farnnuatsdnddanduuan (+3.1 mv) iliiiausswannislaitada (Electrostatic repulsion) s

o

luanavesddeuniiuszauin NuniiidmizAauinem (62.9 msaunssensy) azliusunsgnguiey A

q

3

dnunandalunissessvarsyulou aunsanidnddan Rhodamine B e 2.93% ddou Toluidine Blue
41.2% ward¢au Rose Bengal 19.93% Zhao uazmuy [17] d9As189 MOF laeun Nickel wag1,3,5-
trimesic acid 1Juansfssiu Ingldirndwdudiiazats waznseduiisadudansiledngudunisun

(Ultrasonic wave-assisted ball milling) g 1031 100 s wal@ea wuirdnisnnnznay lag
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dnwuganUfvesian Ju MOF fingfnssunisgaduaenadaiiuuuuiiass pseudo second-order
kinetic models uaz Freundlich Isotherm Ustiansgadumanivuunaisdy uenaininszuiunsgn
Fudafnldfmuannensaidesnilossulinda (NF) vuituiinTagyimihillunsndda (Lewis acid) Tu
nswiduiuddon Tne Sanlaswielavyduniduuulansiieaiinifa (NF-MOF) anansagaduddounsdn
157 (Congo red) laasan 2,046 Tadnsuseansy LBNNG Arroussi wazay [18] FaAs183F MOF Tngth
Nickel (Il) nitrate tag BTC lufvinagany DMF Lonuea LLazﬁfﬂ TagLfn Triethylamine nYuNawd
gaunniies d19a78 DMF uarlamaslsiimu (CH,CL) inlAnwidnvaraudfvesianlaginaiia XRD,
FTIR uaz TGA nuirianidansizsiléidu MOF fwgfnssunsqeduaenndesiuuuudians pseudo first-

order kinetic models g Langmuir Isotherm @4U3¥HaN13QAZULUUTLFE?

3. 35n157398
3.1 duaseiiaglasstnglanedunsd (Metal-Organic Frameworks: MOF)
duns1es MOF 2 vila ldun MOF-Ni-DMF uag MOF-Ni-DI Tngdi MOF-Ni-DMF 2% N, N-
Dimethylformamide (DMF) Wushvhazatauay MOF-Ni-DI Hthdsaannlessudufvhazans
3.1.1 NMSd9LATIZA MOF-Ni-DMF
a¥anY 1,3,5-benzenetricarboxylic (BTC) 5 mmol N, N-Dimethylformamide (DMF) 40
mL 91n4uin Nickel (1) Chloride Hexahydrate 5 mmol adluran udlinufeuiigungii 120 ee
wandea 1unan 24 Falus musaeanauazldensihifu (Oil bath) ussingudalau (Siticone oil) Tu
nslmnudou tansalaludumiesdasninuga 5,000 rpm 5 W19 ienenansidureanda antiuda
shetevuea wazviludlugeuiionmadl 60 ssriwaidea [19] [20]
3.1.2 NMS&LATIEA MOF-Ni-DI
ava1e BTC 5 mmol luu1usiaannleseu (Deionized water) 40 mL iy Nickel (Il
Chloride Hexahydrate 5 mmol waulwigndu Usuai pH maaawazawiﬁagjﬁﬂismm 71ag 0.1 M

NaOH anuuilvlifeusioamgll 120 esmwaidea Wuian 24 4alus munasavawayldensiniug

v
°o v aa

vssghiudalaulunislinnudou wasildludumiosinennuda 5,000 rpm 5 wiil Wisusnasiiu

109l MNUuaBenIea wagviiwidlugeuiaamgll 60 esruaaided [19] [20]

3.2 Msfnwdnuazauifvasinnlasetnelanedunsd (Metal-Organic Frameworks; MOF)
Aaszvnyilanduves MOF-Ni-DMFuag MOF-Ni-DI sagiasasaiunlaslulailinesdunsisnuuy

szIL%as‘mmuaWaﬁ‘u (Fourier Transform Infrared Spectrophotometer; FTIR) §%e Thermo Scientific i;u

= v

NICOLET iS5 Aaszsilassasnandndiewnses X-ray Diffractometer 7igasya 20 531313 10 83 80 ap

[

8% Rigaku Ju Miniflex 6G uaziaddnddn (Zeta Potential) fl8LATavIATIEVANITAN 841 Malvern

U ZEN2600 Nano-ZS
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3.3 nafinwAnuaasalunsgaduddenlutindedannsi
nsfnwanuannslungaduddousiioonisus ¥89 MOF-Ni-DMFuay MOF-Ni-DI Tngldin
odansziassouiulnsasaewiiceaisudluisaanlessu edmonindsangaamnssudme
lngdanudutuvesuiiaeaisudlusedu 20, 50 uag 100 mg/L Usuns 30 mL lddangadulSunm 10
mg e pH 5.6 Wargnungil 25 sarwaidivd naaeunelatIaINsdula 20, 40, 60 way 80 W9 lag
finsmunsenszeznanduia Mntuihasasaeluinmeiansgandusasiasiaiesinanisganiu
was wiethluAnmauansalumsgedulaemuinilsanndssavamlumsgadu uaznsiaszilele

WsuNIAgy

4. NaN15338
4.1 wamsdaunseidanlasetnelanedund (Metal-Organic Frameworks; MOF)
fan MOF fidunszsiléiaaesyiin ¥ MOF-Ni-DMFuay MOF-Ni-DI fidnunusidunsdifeiseu
wanaan1ndl 1 Tnewudn MOF-Ni-DI fidnuaigin1znguuiusnnnin MOF-Ni-DMF dsenaLiessnainnns

WuansazanslufvulansonleniioUsu pH serinen1sdunszi

A 1 (n) MOF-Ni-DMF uag () MOF-Ni-DI

4.2 MsAnerdnyauzaNURvasisn
4.2.1 Mm3finwvgileiduimemealindunsusaaalnsalad (FTIR)
nsfnwmgandumemaiadunsusaaualasalad (FTIR) wul1 MOF-Ni-DMF uay
MOF-Ni-DI Us1ngainaunanssiasnmd 2 Tasusingaiunaiuues Ni-O Uias 720 cm awnmiumgans
vendian (-COO) fiulavediniia lurae 1650-1350 cm™ aUnasunyansueila (C=0) Uiy 1720 cm™
wavaUnasuvylansenda (-OH) USia 3400 cm™ aziulddnlaneuazansdunidinsasoiuseiulaed

Vdlaveiinifa wae BTC aglulassainavesivaesisiilonailu MOF
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MOF-Ni-DI
0.7 4 MOF-Ni-DMF
BTC

C=0-CO0 -CO0 -Coo Ni-O

0.6

0.5+

0.4 4

0.3

Absorbance (a.u.)

0.2 AW
014

0.0

3500 3000 2500 2000 1500 1000 500
wavenumber ( cm™)

ﬂ’W\l‘ﬁ 2 awnasuainnismaiia FTIR 499 MOF-Ni-DMF tag MOF-Ni-DI

4.2.2 MynAsIAlAsIEs1aanmesadSnesd (XRD)
1AM FIATgilassaiiandndaesadiSneised (XRD) wui1 MOF-N-DMF fild DMF
Usngfiafisinuaudauansislassairandniiiussdou (Crystalline Structure) Tngsingfiafisiumis
20 7 9.99°, 17.78°, 18.85°, 20.20°, 27.38°, Uaw35.84° Uay MOF-Ni-DI ﬁi%ﬁuﬁuéhﬁqasmsJUmQﬁm‘?i

aa ”ﬂwmwlmwumeme 20 Uszuna 10-50° (ﬂ’]W‘Vl 3) ‘UQLLﬁ@ﬂﬂﬂﬁﬂ‘U&l”‘U@ﬂﬁﬁ dnsdnseerives

NﬁﬂﬁLﬂﬂﬂNﬁ%’N@ﬁmgm (Amorphous Structure)

3000
—— MOFs-Ni-DI
—— MOFs-Ni-DMF
2500 |
”'”MMMMM
-~ 2000+ WWWWM«JW-W o M”""”"’MM”"WMWW
s
2 1500 4 W
w)
C
9
£ 1000 - ‘ | *
H ‘ \\\ !
500 4 Mw\ i ‘Ww»ﬁ UM‘!;\“LMWM!WWM
MMWWWWV
0 T T T T . T : :
10 20 30 40 50 60 A o

2theta(degree)
AN 3 NS AT NYULNITLAEILULTIELSNG (XRD) Y89 MOF-Ni-DMF tag MOF-Ni-DI
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4.2.3 MyBasenadnglninia (Zeta Potential)
N9IAsIzRAANG INHR7 (Zeta Potential) 91 pH 5 wan31 MOF-Ni-DMF a1 -12.7
mV kaz MOF-Ni-DI fif -15.2 mV Fsfluszaauiiinganindnties Wewindwhavaneiinasednsinisean

Wan (Crystallization Rate) aunanan (Crystal Size) lassa31ewan (Crystal Structure)

4.3. nMsgaduidauuiiaeaisud

nsfnwnsgedudoniinoaisudlagld MOF-NI-DMF way MOF-Ni-DI lutindedunsies i
AT tUiaalsuiwiiu 20, 50 war 100 my/L TngldTangaduluysuin 10 mg eUSunsih
\dedaiasnesi 30 mLiiAn pH 5.6 wavgamail 25 sarmiwalfea naaeulutianan 20, 40, 60 uaz 80 Ui
Nan1sAnwmUI Msgaduiinganizaunaneluian 40 wiil Wefiarsananuasalunsgadu
VIAIAINATINUT MOF-NI-DMF Haansaninsalunisgaduaindl MOF-Ni-DI lunnseduanuiduduvediui
anoLsus Tnefianududy 20 me/L MOF-Ni-DMF wag MOF-Ni-DI aaduls 141.73 uay 98.67 mg/g
ANEIRYU ANUTUTY 50 me/L MOF-Ni-DMF waz MOF-Ni-DI gaduls 195.59 wag 120.32 mg/g kay
AT 100 mg/L MOF-Ni-DMF gaduls 499.44 me/g Tuvaue?i MOF-Ni-DI aaduld 74.68 mg/g
(il 4n) M3gaduLLfiaeaisud MOF-NI-DMF fuszanSaiwgenin MOF-Ni-DI Tunnaandudu Tned
ANUduT 20, 50 Wag 100 me/L Jan MOF-Ni-DMF fiusgangainlunisgaduiindu 99.52%, 99.02%

WAz 89.10% AUEIFU YaIE?i MOF-Ni-DI fUseans nwyindu 69.28%, 60.91% wag 12.08% Anugsu

-:4'
(AN 4)
120
I V\OF s-Ni-DMF I VIOF Ni-DMF

600 1 I VOFs-Ni-DI I MOF DI
S 499.44
o o —
.a)soo g 89.1
E =
> 2
2400 4 S
o S
@© =
3 °
8 200 4 c
< g
£ g
5 200 2
(2] o
o [}
©

100 -

0
20 mg/L 50 mg/L 100 mg/L 20 mgiL 50 mg/L 100 mg/L
il

Al 4 () ANHANNIaluN1IYATUYEY MOF-NI-DMF Uag MOF-Ni-DI

() Usgansanlunisgaduves MOF-Ni-DMF uag MOF-Ni-DI

wen Nl Mslieswilelumnesunisgadunuin MOF-Ni-DMF lukuudiaes Langmuir Isotherm
TWien Rz Wiy 0.90715 uazuusiass Freundlich Isotherm TWian Rz winfu 0.99937 (amidt 5v) Tuauy
7 MOF-Ni-DI Tutkuud1a99 Langmuir Isotherm T¥A1 R2 1vindu 0.42728 waguwuud1aed Freundlich

Isotherm a1 R2 iy 0.62949 (A il 69) Fauvuinasslelaineasunisgaduideiiudunisgadu
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¥

ansazangagluineiuiuiivuiuiovesianedulurstinsgaduaziiudueg1esinga Weawndiiuinin

vuiuinn wasileiuiivuiiuiavesiangaduisuifunsgaduasiiuvzasdiag (a5l 1)

0.009

y = 0.00253+0.0011x
0.008 4 R-sq = 0.90715
0.007 - “m
5 0.006
(=]
E
- 0.005 .
z
0.004 -
0.003 -
0.002 ]
T T T T T
0 1 2 3 4 5

1/C, (mgiL)

y = 2.33646+0.27802x
284 R-Sq = 0.99937
m
2.6
=
o
o
24
22
v
T T
-1 0 1
A log C,

AT 5 Adsorption Isotherm 98¢ MOF-Ni-DMF () Langmuir Isotherm Lag (¥) Freundlich Isotherm

0.014

0.013

0.012

0.011

1/q.(mg/g)

0.010

0.009

0.008

y = 0.01265-0.05389
= R-5q = 0.42728
| |
n
T T T T T T T
0.01 0.02 0.03 0.04 0.05 0.06 0.07
1/C,(mg/L)

f

21

2.0 4

log g,

y = 2.22344-0.15106x
R-sq = 0.62849
L]
[ ]
T T
1.0 15 2.0 26
log C,

Al 6 Adsorption isotherm 483 MOF-Ni-DI (1) Langmuir model wag (v) Freundlich model

M5 1 ANAINTBINTTAATURUY Langmuir Isotherm wag Freundlich Isotherm

Langmuir Isotherm Freundlich Isotherm
Adsorbent G K R? 1/n K R’
(mg/9) (L/mg) (L/mg) (meg/9)
MOF-Ni-DMF 27.690 22.567 0.907 0.278 10.345 0.9994
MOF-Ni-DI 40.130 0.193 0.427 -0.1511 9.2387 0.6295
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5. afiuserauazdaiauauusn1side
5.1 afusnena
5.1.1 Han1sdanseiianlasenglavedunse (Metal-Organic Frameworks; MOF)
fan MOF fidunszsiliiaaesyin l¥un MOF-Ni-DMFIay MOF-Ni-DI Sidnumzdunsd
\Tesounuin MOF-Ni-DI Sidnwaizinenguuiiuannnil MOF-N-DMF se1aiflesnainnisifuaisazans
Tuieulansenledifieusu pH szrinensdunsiz
5.1.2 MsAnwanuuvaudRvesian
(1) ms@nwmyilaidumewmailadunsisaailalnsalal (FTIR)
nsfnwglandumemaiadunsusaaalasalad (FTIR) wui1 MOF-Ni-DMF uay
MOF-Ni-DI Us1ngaminasunanssisnmd 2 Tnsusinganasues Ni-O USaa 720 cm awan3umyjens
vandian (-COO) fulavediniAa Tuie 1600-1350 cm™ aUnasunsansueila (C=0) usiand 1720 cm™
waraUnasuvylansenda (-OH) USan 3400 cm™ aziuldinlansuazansdunidinisasaiuseiulaed

@

vilaneidniia uay BTC aglulassasnwewidesdadilonalu MOF lnefilasadvaenndosive?

@

e

v o

94 Du wazansg [19] eauinsdansizsi MOF AldlaveiniAauay BTC Wudunefdunidsuiui
¥hazane DMF wazt Tnsainnisdnuinudn MOF 1-1 fiduasizsils ddumisanaiuannisnsiate
FTIR fiaenndesfuiumisaiunaiuvemyniivondian fivas 1620-1380 cm™ wazwyjlensenda (-OH)
U3na 3900 cm-! Faansliifufsnisiiniusysznindlosoulansinifauasinidenarsdund deluns
&p5129% MOF-Ni-DMF wag MOF-Ni-DI Usingainafulndifesiuanudsded uarludiuves MOF-Ni-DI
ﬁmﬂ%’ﬁ’]Lﬂuﬁqﬁwazmaﬁf’uﬁmagaLUﬂm%’mawglamaﬂ%a (-OH) UThaad 3400 cm™ iuifeniuaidey
éﬁ’ﬂﬂa'nuaﬂmﬂﬁ?ué’wimgauJﬂm‘i"mﬁaamé'mﬁ’mm%asum Herlina, Krisnandi wag Ridwan [20] 7151
nsdaiAszit Ni-BTC wuawnadalusaa 1400-1650 cm™ Fadutiniiuansisyasuendian (-COO) 7
\Ananmsadaiuseszuitaymsuendianues BTC fulavgiinifa Inofinfiuszanas 1570-1625 cm'’”
wazfiUszanas 1380-1440 cm™ wansimsansuandian (-COO) uazau3deuas Chen uazan [13] ny
Ann3uvesn1sdauAsIzst Ni-MOF vesma1iuendian (-COO) fisusUszana 1608 cm’ uenanil
damudidums 720 cm”’ Fadunaunsduresitusy Ni-O Fslun1sdansizying MOF-Ni-DMF wag MOF-
Ni-DI ssfiusnganaiutaafeituiummidedanan (mwd 2)
(2) MIBeTwilassas1enandesdianaisd (XRD)
MNMTATERlasiaiandns 3988 neLsd (XRD) wuin MOF-Ni-DMF Ald DMF
Usngfiafifinrunndnuansdslassairandniiiussdou (Crystalline Structure) IngUsingfiafisumis
20 7 9.99°, 17.74°, 18.85°, 20.20°, 27.38°, uar35.84° uay MOF-Ni-DI Aldvindudvinazasusngdiadi
fdnwarlinudaiisnumis 20 Uszana 10-50° (il 3) Fauansdednuazvesianfifinisdndosiives
waniiulassadrsedugu (Amorphous Structure) fiafiusngidnwnradiefusuideves Radhika
wazAniy Lagin Nickel (I) nitrate, BTC uag DMF d1lufnwdnvagantfvesianlaemeadin XRD Using

Fefisuais 20 11.8°, 18.01°, 20.83°, 22.28°, 23.83° uay 33.48° FeusngRaTlndiAsaiu MOF-Ni-DMF
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[14] uarannuddeves Du wavaaediiinsd i dusvazanenuifinddnvasduwauneuasinudn
LWULALIAY MOF-Ni-DI [19]
(3) myeszradndlniliig (Zeta Potential)

MsAaszRa@nsadnfiaf pH 5 wanain MOF-Ni-DMF fifn ~12.7 mV uag MOF-Ni-
DI A1 -152 mV  affUszaauii Anganddnes 1 esaindavinazatsdnarednsinisanudn
(Crystallization Rate) vuanan (Crystal Size) lassas1anan (Crystal Structure) [21] IngainnsiATIz
Tnssadandnnuinviinvesiiiazareinaseaufuninues MOF fidaaszailéda MOF-Ni-DMF Al4
DMF (udviazanetuilassadmdniidussdoudesan DMF iuansfifamauifidu Polar Aprotic
Solvents foiluihavanefieansoazarenilansuazannossunidlen ldvildimiuselelnsiaudas

lrnsianantulaifinissuniu vinlilendanvualuguaziuseidou luvagieatu MOF-Ni-DI 7ildin

= A

< v o & = v a Y < v o = S N va <
LUUW’W]’]@S@WEJUU&Iﬂ’]iﬁ]ﬂLiENG]’J‘UENNaﬂVIL‘Uuiﬂiﬂﬁiﬁﬂaﬁmﬁ’mmaﬂ‘ﬂ’mu’]LUU&W?WZJQEM?{M‘UG]L‘UU Polar

A a o

Protic Solvents A otdudvinazanediiiawusslalasiaulas ?f&awnmﬁmmmﬁaﬁsﬁ’w’haL‘vmﬁﬂ
Sunsnsnanlnsaladasuandidiuiotusylelasiaures MOF-NIDI (Mndl 2) wazthezduasunisiin
usylelaniautudunesduniduarlans ilfiAnnguansvendianiiAaninidy wazvinlian Zeta
Potential Wuauinnni1 Feaenndestunanisineluadsiiit MOF-NI-DI fslédusiiazaneiien Zeta
Potential t¥u -15.2 mV faifuauuinni’ MOF-Ni-DMF 4 DMF @sdidn -12.7 mv
5.1.3 migaduddouufianaisud
nsAnwInsgaduddeuuiiaeaisudlagly MOF-Ni-DMF uag MOF-Ni-DI Tuude
Fuasze Afenududuvesufiaesisusvinfu 20, 50 uaz 100 me/L lneldanaaduluusun 10 mg
FoUinstdedansneyt 30 mLilen pH 5.6 wargamgl 25 ssmiwauia vnaeuluzaaaan 20, 40, 60
waz 80 Wi lagiin1sniunaenseelad@ula Han1sAnyInud NMsgatuiinganzaunanegluiian 40
wit lefinnsanaruaunsalunisgedu o nanfinananuin MOF-NI-DMF fauanunsalunisgadugs
n71 MOF-Ni-DI lunnseuanutudureuuiiaooisud Tnefinnnududu 20 mg/L MOF-NI-DMF uaz
MOF-Ni-DI gadiuldl 141.73 uag 98.67 mg/g MUa1AU AN 50 mg/L MOF-Ni-DMF wag MOF-Ni-
DI gadulel 195.59 uar 120.32 me/g wargAULULYU 100 mg/L MOF-Ni-DMF aaduls 499.44 me/g
Tuvaugdl MOF-Ni-DI gaduléf 74.68 mg/g (Ml 4n) MsgatulufiaseLsud MOF-NI-DMF Juszansam
24071 MOF-Ni-DI lumnadnadudy Taedt annandudy 20, 50 uaz 100 mg/L Yan MOF-Ni-DMF i
ﬂixﬁm%mﬂumi@m%’umﬂﬁ’u 99.52%, 99.02% WAy 89.10% AUSINU VLT MOF-Ni-DI §iUszansnn
WU 69.28%, 60.91% waz 12.08% audsu (A md 49) dsluauideves Tran uazane [22] wui
MOF-Ni-DMF fiasianansalunisgadusnnnin Fe-MOF fimnuiduduiEusiu 100 mg/L Fe-MOF awnsa
Anduliaealsudld 130.5 me/g uenINAITees Haque uasaas [15] wuih MOF-235 Faflu Fe-
based MOF fifawaninsalunisgadugannil 477 me/g dslndidsatundilsinnn MOF-Ni-DMF
nsnwlelumesunsgaduiliitessunsanuduiusseninsTunumsiigngadunazUiunaes

Mmdosgluansazaneianizauna lnemlullasusiunszuiunisgadu luanavesansazagasdluin

¥ ' ¥
N

wnzAuiuiisuuiuivesianaadu dwalinisgaduiintunanfenuilunisgaduduuuiuiaEums
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| a o =

8M3INIAATUILIEARFIIULIFINBUAY 1INNTANYINUTINGANTIUNIANTULDL TR MOF-Ni-DMF wag
MOF-Ni-DI #auuananeriy d1msudan MOF-Ni-DMF Han15naaadiininuaonnd oaiukuuinasdues
Freundlich Tng R? 1infu 0.99937 (nwl 59) Usiinnssuiumagaduiintuuuiuinvesfaniidaaill
ayaue (Heterogeneous Surface) LLﬁzﬁé’ﬂHmzmi@‘m%’ULLUUiﬁa’lt’J%’u (Multilayer Adsorption) [23]
d2u MOF-Ni-DI thildiduritusiuuuudrassisansiuy esandr R aglusgduiis Tuduvesuuudnaes
Langrnuir Tien R? wirifu 0.42728 (n1wdl 6n) uazuuusiaes Freundlich fn R? Wiy 0.62949 (nwdi 6
%) Fan1sgadunuudiass Freundlich Isotherm Lﬂuﬂﬂsam%’uuuﬁuﬁaﬁﬁﬂ’g’m"l,ziaﬁ’n,aua wazdlanuay
ma@@aﬁmwwma%gu (Multilayer Adsorption) 21n@uN1TWUINAIAILTY (1/n) HAtipenin 1 Fauadae
nginssun1sgaduiiAalddlusanudutui uarazanaaiemududugedu (23] lnenanisfinw
wandlidiuianuansolunisgeduisfieoaisudiiengeiianiienudutu 20 mg/L i MOF-NI-DMF s
gonndestuaunsnsgaduiiinisgaduldfinrandudusi Inefussansamlunisgaduiindu 99.529%
1n9AToves Karami wazanz [24] nuirdladedidmarenuaunsalunisgaduiiiaseisud laun
aududududuvesddon Felunuided MOF-NI-DMF uaz MOF-NI-DI annsageduldgagaiion

= 1Y

Wudwuiiaeasuigelu egaduniiaeasudinazddaunaldsiniinieluszeziia 60 uid [25] Fadl

U

o 1Y

ArwAeAndesfuIiAduifimagaduifiaeaisudidrgaunalunat 40 unit 9nunauiseves Tran
wazAaznud ludrunuuiiass Freundlich Isotherm AN 1/n fidndnau (:0.1511) Famumquinisgedu
uéa ilemruduturesmsazaeiiaunaifindu Uinumgadunduanas Sndaumvnmdnutainnisd
szuunsmeaesdidliidngannzaugasss vieliusingmisaiduunsndeu wu msdusiuesvesluanad
goudesninafuamududuresddouligedu viemaianisaedy iliaruaunsolumagady
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ABSTRACT

This research aimed to: 1) analyze and design a Thai traditional massage booking
application for Subdistrict Health Promoting Hospitals, 2) develop a prototype of the Thai Care
Touch application, and 3) evaluate user satisfaction with the application. The sample group
consisted of two groups: (1) three experts with at least five years of experience in application
development, selected by purposive sampling, and (2) There were 95 people who used Thai
traditional massage services at Subdistrict Health Promoting Hospitals. The research instruments
used were an in-depth interview, a prototype application, and a user satisfaction questionnaire.

The results revealed that the Thai Care Touch application, developed using the Design
Thinking process and user-centered UX/UI design, effectively addressed user needs and solved
existing problems in the traditional booking process. The Empathize and Define stages identified
key pain points, such as the inability to view real-time booking slots, lack of notification systems,
complex booking procedures, and high workloads for staff. Based on these findings, design
requirements were synthesized to create a prototype that included main features such as multi-
channel login, real-time service and slot selection, self-managed booking confirmation and
modification, automated notifications, and a satisfaction evaluation system. Testing with thirty users
showed that the overall satisfaction level was at the highest level in both functionality (Mean =
4.77,SD.=0.44) and system design (Mean = 4.68,S.D. = 0.52). The natification and booking
confirmation feature received the highest score (Mean = 4.90), indicating that users considered it

the most valuable function.

Keywords: Development; Application; Thai Traditional Massage; Subdistrict Health Promoting
Hospital
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2. lenansuazuieiientes
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ABSTRACT

Euphorbia hirta L. (Lion’s milk in Thai) is a medicinal plant recognized for its diverse
therapeutic properties, particularly due to the presence of flavonoids and tannins which exhibit
potent antioxidant and anti-inflammatory effects. This study aimed to investigate the impact of
different preparation and extraction methods on the total flavonoid and tannin contents, as well
as the antioxidant activity of the aqueous extracts. First, the plant samples were prepared by sun-
drying. For extraction was conducted using a solid-to-liquid ratio of 1:10 (w/v). Two extraction
methodologies were compared: boiling and microwave-assisted extraction (MAE) at various
durations. The findings indicated that microwave extraction for 3 minutes yielded the highest
concentrations of total flavonoids as 34.20+0.12 ug QE/100 mL and total tannins as 274.63+5.65
pg TAE/100 mL. Furthermore, this condition demonstrated superior antioxidant activity in both
DPPH scavenging activity as 20.88+0.16 pg Vitamin C/100 mL and percentage of nitric oxide (NO)
radical scavenging activity as 87.76%+2.61 when compared to other treatments. In conclusion,
microwave-assisted extraction is a highly efficient and "green" method for maximizing the recovery

of bioactive compounds and enhancing the biological activity of £. hirta L.

Keywords: Euphorbia hirta L.; Antioxidant activity; Microwave extraction; Phytochemical contents
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1. INTRODUCTION

Currently, herbal drinks have emerged as a prominent alternative both domestically and
internationally. It is an extract derived from various plant components, including flowers, leaves,
roots, fruits, seeds, vegetables, and grains [1, 2, 3]. Fresh or dried herbs are processed by chopping
or grinding into powder, followed by brewing or boiling with water and subsequently squeezing to
separate the pulp, resulting in a beverage for health purposes [4, 5]. Numerous extraction methods
exist to obtain medicinally beneficial active ingredients from herbal plants, including ultrasonic-
assisted extraction, enzyme-assisted extraction, pulsed electric field extraction, and microwave-
assisted extraction, which are modern techniques often associated with high costs [6, 7]. Notably,
microwave extraction can be conducted using a household microwave oven, thereby reducing the
need for expensive equipment.

Previous research conducted by Meechai and Baka [8] examined the impact of extraction
methods on the concentration of phytochemicals in roselle, revealing that microwave extraction
at 100 watts for 30 minutes yielded higher total phenolic and flavonoid contents than alternative
methods. Bilhman et al. [9] employed microwave-assisted extraction (MAE) using a glycerol-ethanol
mixture to obtain extracts from the unripe banana fruit, which extract demonstrated significant
radical scavenging activity in both DPPH and ABTS assays, indicating strong antioxidant properties.
Phaisan et al. [10] reported that MAE was used to extract Centella asiatica (L.) to provide a high
bioactive compound yield and high antioxidant activity. Moreover, preparing herbal samples prior
to extraction also influenced phytochemical yields [11].

Lion’s milk, scientifically designated as Euphorbia hirta L., belongs to the Euphorbiaceae
family and serves as a medicinal plant with a variety of therapeutic properties. It has been
employed to treat poisoning, facilitate milk expulsion, address rashes, and manage conditions such
as acute enteritis, bacterial dysentery, and hematuria [12]. Previous studies have identified
significant phytochemical groups, including flavonoids, tannins, terpenoids, and steroids.
Additionally, various biological activities have been documented, such as antioxidant, anti-
inflammatory, antimicrobial, antidiabetic, and antitumor properties [13].

Recent studies have increasingly focused on Euphorbia hirta L. as a rich source of
phenolic compounds with notable antioxidant properties. Several studies have demonstrated that
both aqueous and organic solvent extractions of Euphorbia hirta yield significant phytochemicals
and exhibit strong antioxidant activities, particularly due to the presence of phenolic and flavonoid
compounds [14, 15]. In particular, aqueous extracts have been reported to possess considerable
radical scavenging activity, confirming that water can serve as an effective and practical extraction
solvent [16]. Furthermore, microwave-assisted extraction of E. hirta has been widely investigated,

with extraction parameters such as time and solvent ratio significantly influencing phenolic yield
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[17]. Optimization studies have demonstrated that extraction time is a critical factor affecting both
yield and antioxidant activity [18]. In addition, studies on the Euphorbiaceae family have
emphasized the importance of optimizing extraction conditions to maximize phenolic recovery
while minimizing degradation [19, 20].

The objective of this research is to investigate the effects of lion's milk extract
preparation by assessing the impacts of extraction methods (boiling and microwave) for varying
durations on the concentrations of total flavonoids and tannins, which are crucial substances
contributing to antioxidant properties [21]. The findings of this research will inform future efforts in

developing health products.

2. MATERIALS AND METHODS

2.1 Sample collection and preparation

In this study, the arial part of the Euphorbia hirta L. was collected in November 2023 at
the Lalo sub-district, Rusoh district, Narathiwat province, Thailand. The sample was clean and dried
in the sun-drying for 5-7 days. Grind the sample finely, then store it in a bag and place it in the
desiccator [22].
2.2 Sample extraction

The extraction methods are divided into two methods: boiling and microwaving. Weigh
the sample and add distilled water in a ratio of 1:10 (sample weight in g/solvent volume in mL). In
the boiling method, the sample is boiled for 10, 20, 30, 40, and 50 mins. Microwave method, the
energy is used at 200 watts for 1, 2, 3, 4, and 5 mins-(shown in Table 1). After that, let it cool to
room temperature, then centrifuge at 5,000 rpm for 10 mins. Finally, separate the supernatant and
store it in plastic bottles before analysis [23].

Table 1 Symbols and condition of extraction methods

Symbol Methods Times (mins)
BE-T10 Boiling method 10
BE-T20 Boiling method 20
BE-T30 Boiling method 30
BE-T40 Boiling method 40
BE-T50 Boiling method 50
ME-T1 Microwave method 1
ME-T2 Microwave method 2
ME-T3 Microwave method 3
ME-T4 Microwave method a4
ME-T5 Microwave method 5
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2.3 Determination of phytochemical contents

The total flavonoid content was determined using the aluminum chloride colorimetric
method, following the protocol described by [24, 25], with quercetin used as a standard. The
extract was diluted tenfold with distilled water. Then, 100 L of the diluted extract was transferred
into a 96-well microplate, followed by the addition of 100 pL of 2% AlCl3 solution. The mixture
was incubated at room temperature for 15 minutes, after which the absorbance was measured at
a wavelength of 435 nm using a microplate reader. The total flavonoid content was calculated
from the standard curve of quercetin and expressed as micrograms of quercetin equivalent (QE)
per 100 milliliters of extract (ug QE/100 mL extract).

The total tannin content was determined using a modified version of the method
proposed by [26]. The extract was diluted tenfold with distilled water. A volume of 8.2 uL of the
diluted extract was mixed with 102 pL of distilled water, 8.2 pL of Folin—Ciocalteu reagent, and
81.6 pL of 7% (w/v) NapCO3 solution. The mixture was shaken and kept in the dark for 90 minutes.
Absorbance was then measured at 700 nm. The total tannin content was calculated using a
standard curve of tannic acid and expressed as micrograms of tannic acid equivalent (TE) per 100
milliliters of extract (ug TE/100 mL extract).

2.4 Determination of antioxidant activities

The DPPH (2, 2-diphenyl-1 - picrylhydrazyl) assay was used to evaluate the antioxidant
activity of the extract, following the method described by [24, 27]. Vitamin C was used as the
standard. The extract was diluted tenfold with distilled water. A volume of 100 pL of the diluted
extract was transferred into a 96-well microplate, followed by the addition of 100 pL of 0.3 mM
DPPH solution in ethanol. The mixture was incubated in the dark at room temperature for 15
minutes. Absorbance was then measured at a wavelength of 517 nm using a microplate reader.
The antioxidant capacity of the extract was expressed as micrograms of vitamin C equivalent (ug
Vitamin CE/100 mL extract).

The nitric oxide scavenging activity was evaluated using the sodium nitroprusside
method, as described by [24], with vitamin C used as the standard. The extract was diluted tenfold
with distilled water. Then, 100 pL of the diluted extract was added to a 96-well plate, followed by
50 pL of 10 mM sodium nitroprusside in phosphate buffer (pH 7.4). The mixture was incubated in
the dark at 25 °C for 90 minutes. After incubation, 100 L of Griess reagent was added and further
incubated for 30 minutes. Absorbance was measured at a wavelength of 577 nm. The results were

reported as the percentage of nitric oxide scavenging activity (1).

(Abscontrol—Abssample)

% Nitric oxide Scavenging = Abscontrol x 100 (1)
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2.5 Statistical analysis
The results were averaged (n=3) and the standard deviation (SD) was calculated. The data were
then analyzed statistically using One-Way ANOVA and Pearson correlation coefficient at a 95%

confidence level (p<0.05).

3. RESULTS

The phytochemical contents and antioxidant activities of the microwave extraction
method were displayed higher than those of the boiling method. Additionally, extraction takes less
time. Microwave extraction for 3 minutes resulted in TFC and TTC that were higher than other
durations, with values of 34.20+0.12 ug QE/100 mL extract and 274.63+5.65 pg TAE/100 mL
extract, respectively. As for the DPPH scavenging and % nitric oxide scavenging activities, it was
found that microwave extraction for 3 minutes yielded the highest values, which were 20.88+0.16
pg Vitamin CE/100 mL extract and 87.76+2.61 %, respectively. A 30-minute extraction interval
produced higher phytochemical contents and antioxidant activity than other time periods for the
boiling procedure (Table 2 and Figure 1). According to recent studies, the ethanol extract of lion's
milk with reflux extraction showed more than 60% antioxidant activity at a concentration of 0.5
meg/mL [28], DPPH scavenging activity was lower than previously reported, despite the study's
findings. It makes use of easier extraction techniques and eco-friendly solvents.
Table 2 Influence of preparation Euphorbia hirta L. aqueous extract on the phytochemical

contents and antioxidant

TFC TTC DPPH scavenging activity % NO
Sample | (ug QE/100 mL (ug TAE/100 mL (pg Vitamin CE/100 mL scavenging

extract) extract) extract) activity
BE-T10 27.58+0.27° 205.98+4.21° 17.96+0.04° 55.96+4.25%
BE-T20 28.83+0.02° 211.02+1.90% 18.96+0.% 62.36+1.85“
BE-T30 29.76+0.09" 211.53+4.16% 19.35+0.14" 66.38+2.06°
BE-T40 24.53+0.60" 187.90+5.64" 16.55+0.07" 51.22+4.73°
BE-T50 21.02+0.85° 155.14+4.47° 14.65+0.57° 46.80+3.18"
ME-T1 17.89+0.20" 184.37+6.15' 17.79+0.34° 60.53+4.26
ME-T2 25.17+0.17° 241.62+16.12 18.5320.% 75.69+0.81°
ME-T3 34.20+0.12° 270.63+5.65° 20.88+0.16° 87.76+2.61°
ME-T4 26.06+1.12% 249.35+8.06° 20.59+0.25° 43.64+3.47°
ME-T5 24.09+0.24" 223.95+2.21% 20.02+0.21%° 41.8122.05°

Note: Values are mean + SD and mean values followed by the same letters are not significantly

different at (p<0.05)
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Figure 1 Effects of boiling extraction (BE) and microwave-assisted extraction (ME) on total
flavonoid content (TFQ), total tannin content (TTC), DPPH radical scavenging activity, and nitric
oxide (NO) scavenging activity. Values are expressed as mean =+ standard deviation. Different

letters indicate significant differences (p < 0.05)

4. DISCUSSION AND SUGGESTION

In the study of extraction methods, both boiling and microwave, presented that the
number of active chemicals and bioactivities decreased with increasing extraction time, which may
be related to the stability of certain important substances that cannot withstand prolonged heat
[8]. Additionally, the microwave extraction method displayed a higher yield of phytochemical
contents than boiling method, because electromagnetic waves enable modifications in mass
transport, leading to increased efficiency compared to conventional heating techniques [29]. The
results indicated that microwave-assisted extraction reached its optimum at 3 min, which is
consistent with previous studies reporting that maximum phenolic recovery is typically achieved
within a short irradiation time due to rapid cell wall disruption and enhanced mass transfer [30].

Prolonged extraction time (4-5 min) resulted in a significant decrease in antioxidant activity,
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particularly NO scavenging activity. This reduction can be attributed to thermal and oxidative
degradation of phenolic compounds. Previous studies have demonstrated that excessive
microwave exposure leads to the formation of reactive oxygen species such as hydroxyl radicals

and hydrogen peroxide, which degrade phenolic structures and reduce antioxidant capacity [31].

Table 3 Correlation between phytochemical contents and antioxidant activities

Boiling DPPH scavenging Nitric oxide
method activity scavenging activity
TFC 0.998 0.814
TTC 0.975 0.885
Microwave DPPH scavenging Nitric oxide
method activity scavenging activity
TFC 0.868 0.951
TTC 0.804 0.863

Note: Pearson correlation coefficients (r) were used to evaluate the relationships between total
flavonoid content (TFC), total tannin content (TTC), and antioxidant activities, including DPPH
radical scavenging activity and nitric oxide (NO) scavenging activity. All correlations were statistically
significant at the 95% confidence level (p < 0.05).

The correlation of phytochemical contents and antioxidant activities is shown in Table
3. The correlation showed a strong positive relationship for all data. These data indicated that the
yield of phytochemicals might be affected by the potential on the DPPH scavenging and Nitric
oxide scavenging activities. The previous study reported that the strong correlation of total
flavonoid content and total tannin content with antioxidant capacity is due to flavonoid
compounds and tannins contributing to the antioxidant of extracts [32]. Furthermore, this might
suggest that the extract's flavonoid and tannin structures have a favorable activity profile for DPPH
and Nitric oxide scavenging [24, 32].

This study's results highlight the extraction methods utilizing water as a solvent. The
results suggest that the microwave extraction method, which is a rapid technique, has high
flavonoid and tannin contents and antioxidant activities. Compared to conventional heating
methods, the microwave extraction technique is more efficient. With a total tannin content (TTC)
of 274.63+5.65 g TAE/100 mL and a total phenolic content (TFC) of 34.20+0.12 ug QE/100 mL,
the microwave extraction method proved to be more effective than boiling. Three minutes was
the ideal microwave extraction duration for antioxidant activity and phytochemical content. This
involved eliminating nitric oxide (87.76+2.61%) and DPPH free radicals (20.88+0.16 pg Vitamin

CE/100 mL). However, the efficiency decreases as the extraction time increases. This might be
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related to the stability of important materials that cannot withstand high temperatures.
Furthermore, the phytochemical concentration and antioxidant activity were positively correlated.
Potentialities are associated with the structure of flavonoids and tannins. Thus, the microwave
method of extracting lion's milk with water as a solvent is an intriguing way to make herbal drinks
and conduct additional research in other areas. This method offers high concentrations of significant

chemicals, is environmentally benign, and shortens the extraction time.
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ABSTRACT

The objectives of this research were to design an environmental geospatial database of
Samut Prakan province; and to design digital environmental geospatial information platform for
environmental management. The database was designed using MySQL Database Server 5.7.24 and
phpMyAdmin 5.0.4, the website was developed using HTML 5, CSS 3, JavaScript, and PHP 7.4.9.,
and the system performance was evaluated using questionnaires administered to a purposively
selected sample. The result showed that the environmental information system of Samut Prakan
Province was designed with five categories: content, stations, air, water, and solid waste. The results
of the system performance evaluation showed that: (1) in terms of user needs and the accuracy of
data presentation, the system achieved a very good level of efficiency, with the highest mean score
of 4.68 + 0.47 for both aspects; (2) the system met the objectives of the environmental information
system development, with a mean score of 4.61 + 0.59; and (3) the accuracy of the system in
information retrieval was rated at a very good level, with a mean score of 459 + 0.64. The
environmental information system of Samut Prakan Province integrates environmental data into a
unified database, enabling government agencies and the general public to access both qualitative
and quantitative information to support environmental management and spatial planning based

on historical and current environmental quality data.
Keywords: Digital Technology; Geoinformatics; environmental management
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ABSTRACT
The values of most people have shifted to widely reading books, articles, and various
content thru electronic devices, significant health problems have arisen, including eye strain and
the effects of blue light, which disrupt the circadian rhythm and may lead to dry eyes or headaches
in the future. Reading on a bright screen is therefore counterintuitive to the intention of long and
continuous reading. The [LUMINQ] application was developed as a solution to this problem, with

the main objective of creating an eye-friendly digital reading experience. With the warm-light
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reading mode, warm light, which has a lower color temperature, effectively reduces the high-energy
blue light emitted by the screen, thereby reducing eye strain and improving sleep quality, allowing
users to read before bed without negatively affecting sleep patterns. In addition, this application is
an important tool that responds to the new reading values that emphasize convenience on digital
devices, while also raising health standards. It allows users to read longer, more comfortably, and
sleep more effectively, making reading books through the [LUMINO] application a sustainable and
healthy behavior for users' eyes in the long run. The user satisfaction evaluation results showed
that the aspect with the highest level of satisfaction was the ease of use of the application, with
an overall mean satisfaction score of 4.52 and a standard deviation of 0.51.

Keywords: Application; Blue Light Electronic; Devices
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ABSTRACT

This research aims to 1) develop a mobile application for storing physical fitness testing
data, a case study of the Health Department, Faculty of Business Administration and Liberal Arts,
Rajamangala University of Technology Lanna, 2) evaluate the efficiency of the application, and 3)
evaluate user satisfaction with the application. The mobile application development uses the
Flutter framework and Dart programming language as the main technologies. The system users are
divided into two groups: 1) administrators are responsible for adding, deleting, editing, and setting
user data permissions; and 2) users are responsible for adding, deleting, and editing physical fitness
tester data, as well as recording and editing physical fitness testing data. The mobile application
has a convenient user interface and allows easy and fast access to various system data. When the
application for storing physical fitness test data was tested in real use and its efficiency was
evaluated by experts, the evaluation found that the efficiency and user satisfaction dimensions
were at a high level (X = 4.28, S.D. = 0.57) and the highest level (X = 4.60, S.D. = 0.71), respectively.
This showed that the application can be used to efficiently store the physical fitness data of
personnel, pupils, students, and the general public. It can also reduce the steps in recording and

updating data, and allows for data verification.
Keywords: Mobile Application; Information System; Database Management System
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password ﬂlaﬁﬂ%” and “ngan
password o
NIDNTUEANIU”
System alerts
No enter username but Enter password
6 message “NTUINTaN Passed -
enter password only P
yorly”
System alerts
Entering username but no  Enter username
message “NIUINTaN Passed -
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ABSTRACT

This experimental research the objectives to 1) compare archery accuracy and core
muscle strength before and after training; 2) compare these variables between a bodyweight
training group and a control group; and 3) determine the relationship between core muscle strength
and archery accuracy. The participants consisted of 30 archers from the Thailand National Sports
University, Chonburi Campus, selected via purposive sampling and assigned into two groups using
the matched pair technique based on ability levels. Research instruments included the bodyweight
training program, an 18-meter archery accuracy test, and a core muscle endurance test. Data were
analyzed using mean, standard deviation, t-test, and Pearson’s product-moment correlation
coefficient.

The results revealed that 1. After 8 weeks of training, the experimental group showed
significantly higher archery accuracy scores and core muscle strength compared to pre-training
levels at the .05 level of significance. 2. After 8 weeks of training, the experimental group
demonstrated significantly greater improvement in archery accuracy and core muscle strength
compared to the control group at the .001 level of significance. 3. There was a high positive
correlation (r = .78) between core muscle strength and archery accuracy at the .05 level of

significance.
Keywords: Body weight training; Accuracy; Archery; Core muscle strength
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ABSTRACT

This research investigated the chemical composition and biological activities of
Cordyceps militaris extracts and their application in fermented rice water to enhance antioxidant
properties for skincare development. HPLC analysis revealed that C. militaris fruiting body extract
contained 6.96 mg/g cordycepin and 0.13 mg/g adenosine per DW extract, while mycelial extract
contained cordycepin 0.81 mg/g DW extract without detectable adenosine. The agqueous mycelial
extract demonstrated significant bioactivities: 69.11+0.25% DPPH radical scavenging and
652.42+0.60 mg/L. Fe?" chelating capacity. Water extraction yielded higher phenolic compounds,
vitamin E, and polysaccharides, whereas ethanol extraction produced higher flavonoid content.
Application studies incorporated C. militaris extracts into fermented rice water prepared from
Jasmine rice (KDML 105) and glutinous rice using Saccharomyces cerevisiae (S. cerevisiae) and
Saccharomycopsis fibuligera (S. fibuligera). Late-stage supplementation significantly enhanced
antioxidant capacity, phenolic content, flavonoids, and vitamin E levels, particularly with S.
fibuligera fermentation. These findings demonstrate the potential of C. militaris-enriched fermented
rice water formulations for developing high-efficacy skincare products with superior antioxidant
protection.

Keywords: Cordyceps militaris; cordycepin; antioxidant activity; fermented rice water
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1. Introduction

There has been a steady increase in the study of golden Cordyceps (Cordyceps militaris)
extracts, including chemical and biological testing and their usefulness in creating nutritional
supplements and medications. This is because golden Cordyceps contain a wide range of bioactive
compounds with demonstrated health-promoting properties and include antitumor activity,
promoting the immune system, and lowering the incidence of cancer [1] [2] [3]. Golden Cordyceps
include a number of important active substances, including ergosterol, polysaccharides, proteins,
and cordycepin. Furthermore, studies have been conducted on the antibacterial, anti-
inflammatory, anti-photoaging, and antioxidant characteristics of golden Cordyceps [4] [5]. Beyond
its established applications in regenerative medicine and nutraceuticals, including
immunomodulation, sexual performance restoration, and physical vitality enhancement,
Cordyceps militaris extracts have gained considerable commercial significance in the cosmeceutical
sector, particularly in anti-aging and skin-conditioning formulations, owing to their potent
antioxidant activity and melanogenesis-inhibitory properties [6] [7] [8] [9].

Mainly the stromata (fruiting bodies) of golden Cordyceps (a specialized reproductive
structure that emerges from the mycelial network of fungi, functioning primarily to facilitate sexual
reproduction and spore dispersal) are harvested for commercial usage because it has a high
concentration of significant compounds. The culture media (the nutrient-rich foundation required
for fungal growth) and mycelia (the vegetative part of a fungus, consisting of a complex, branching
network of thread-like white filaments called hyphae) that make up the base are sold by farmers
at a reduced cost. However, the fermented mycelium bases also possess antioxidant and
antibacterial qualities, according to research by Dong et al. [10] and Torres-Martinez et al. [11]. As
a consequence of the significantly higher concentration of bioactive constituents within the fruiting
bodies of Cordyceps, this region commands a premium market valuation. In contrast, the residual
culture media and mycelia, is frequently categorized as agricultural byproduct with negligible
economic worth. Consequently, this research investigated the valorization of Cordyceps mycelium
bases remnant as a primary substrate for the synthesis of novel value-added products, aiming to
optimize the economic utility of this agricultural resource.

Rice constitutes a pivotal agricultural commodity in Thailand, with jasmine rice (Oryza
sativa L.) enjoying widespread global recognition and commercial acceptance. Jasmine rice is a
major export product, with Thailand being the second-largest rice exporter globally, holding a 16%
market share [12] and The commercialization of jasmine rice has lifted many rural households out
of poverty, particularly in the Northeast region, where its cultivation has been profitable since the
1980s [13]. The fermentation-based processing of Thai rice utilizing microbial agents has gained

considerable industrial prominence, with yeasts representing one of the most extensively
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employed microorganisms in large-scale fermentation processes. Yeasts function as catalytic agents
in the bioconversion of sugar molecules to ethanol and carbon dioxide under aerobic conditions.
Industrial fermentation primarily relies on diverse yeast strains, with Saccharomyces cerevisiae
being the most widely used due to its high efficiency in converting glucose and fructose into
ethanol [14] [15] [16]. However, some yeast species, such as Pichia guilliermondii and
Saccharomycopsis fibuligera, exhibit limited starch utilization capabilities during fermentation,
leading to the production of alternative metabolites such as vitamins, 3-glucan, and bioactive
peptides [17] [18]. Additionally, studies have shown that fermented rice water contains significantly
higher levels of antioxidant compounds, particularly flavonoids and phenolic acids, compared to
its non-fermented counterpart [19].

This study aims to investigate the potential of Cordyceps in enhancing yeast-based
fermentation, with a focus on optimizing bicactive compound production. Specifically, to evaluate
the feasibility of Cordyceps with conventional fermentation yeasts, assess its impact on antioxidant
capacity (particularly flavonoid and phenolic acid content), and to investigate of augmenting
antioxidant capacity in fermented rice water for cosmeceutical product development. Furthermore,
the study focuses on developing cosmetic products from Cordyceps militaris through the utilization
of mycelium substrate and cultivation medium—materials conventionally regarded as agricultural
by-products from the cultivation process. This strategy generates value-added applications while
supporting the progression of Cordyceps militaris cultivation toward Agriculture 4.0 via research

initiatives aimed at achieving zero agricultural waste.

2. Materials and Methods
Raw material

A Cordyceps militaris sample was obtained from a farm in Samut Prakan Province,
Thailand. Two kinds of rice, Jasmine brown rice RD 15 and Niao Kuang rice, procured from
agricultural farms in Surin Province.

Extraction and preliminary analysis of bioactive properties of Cordyceps militaris extracts.

1. Extraction of Cordyceps militaris.

The 5.00 ¢ samples of Cordyceps militaris fruiting body and mycelium were extracted
with solvents at a 1:5 ratio, utilizing 95% ethanol and distilled water as extraction solvents.
Extraction was performed using the maceration method at room temperature for 24 hours. The
extract was subsequently filtered through filter paper, and the solvent was removed using a rotary
evaporator. The crude extract was stored in amber bottles to preserve the bioactive compounds'

integrity.
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Figure 1. Constituents of Cordyceps militaris derived from culture medium cultivation.

In the cultivation of Cordyceps militaris (figure 1), the fungus presents two distinct
structural forms that are the fruiting body, the orange, finger-like stalks reaching upward (often
called "stromata") and the mycelium, the dense, pale, fuzzy layer located at the bottom of the jar.

2. HPLC-based quantification of cordycepin and adenosine concentrations.

Analysis of cordycepin and adenosine content using High-Performance Liquid
Chromatography (HPLC) equipped with a Diode Array Detector (DAD) (Ultimate 3000, Thermo
Scientific, USA) was performed according to a modified method of Huang et al. (2009) [20]. The
stationary phase is Acclaim 120 C18 with a particle size of 5 microns. The mobile phase consisted
of water and methanol in a 90:10 (v/v) ratio, with a flow rate of 1 mL/min. The injection volume
was 10 pL, and the column temperature was maintained at 32°C. Standard solutions of cordycepin
and adenosine were prepared with concentration ranges of 0-100 ppm and 0-50 ppm, respectively.

3. Preparation of fermented rice water supplemented with Cordyceps militaris extract.

Clean samples of Jasmine brown rice RD 15 (RD 15) brown rice and Niao Kuang (NK) rice,
an indigenous species of Surin Province, (50 g each) were combined with 100 mL of distilled water
and sterilized by autoclaving at 121°C for 15 minutes. After cooling, an additional 100 mL of sterile
distilled water was added. Fermentation was initiated using purified Saccharomycopsis fibuligera
TISTR 5033 (S. fibuligera; SF) and Saccharomyces cerevisiae TISTR 5013 (S. cerevisiae; SC). The
fermentation process was conducted at room temperature for 30 and 45 days, respectively. On
the final day of fermentation, 10.00 g of Cordyceps militaris (C) mycelium extract was added, and
the mixture was incubated for an additional 24 hours. The fermented product was subsequently
filtered and pasteurized to obtain sample solutions for further analysis. Fermentation formula and

corresponding codes are specified in Table 1.
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Table 1. The fermentation formula and identification codes.

Identification Fermentation formula

codes

RD15-SF Jasmine brown rice RD 15 + Saccharomycopsis fibuligera

RD15C-SF Jasmine brown rice RD 15 + Saccharomycopsis fibuligera + Cordyceps militaris
mycelium

NK-SF Niao Kuang rice + Saccharomycopsis fibuligera

NKC-SF Niao Kuang rice + Saccharomycopsis fibuligera + Cordyceps militaris mycelium

RD15-SC Jasmine brown rice RD 15 + Saccharomyces cerevisiae

RD15C-SC Jasmine brown rice RD 15 + Saccharomyces cerevisiae + Cordyceps militaris
mycelium

NK-SC Niao Kuang rice + Saccharomyces cerevisiae

NKC-SC Niao Kuang rice + Saccharomyces cerevisiae + Cordyceps militaris mycelium

4. Determination of antioxidant capacity.

4.1 Determination of total phenolic content using the Folin-Ciocalteu method.

Determination of total polyphenolic content was performed using a modified method
of Matthayom et al. [21] employing Folin-Ciocalteu reagent containing phosphomolybdate and
phosphotungstate as active components. A standard curve was constructed using gallic acid
concentrations ranging from 10-500 ppm. The assay procedure involved reacting samples with 1.00
mL of Folin-Ciocalteu reagent and 3.00 mL of 7.5% (w/v) sodium carbonate solution. The reaction
mixture was incubated in darkness for 30 minutes at room temperature, resulting in the formation
of a blue-coloured complex. Absorbance was measured at 745 nm using a spectrophotometer.
Total polyphenolic content in sample solutions was analysed using the same methodology and
calculated by comparison with the standard curve. Results were expressed as milligrams of gallic
acid equivalents (mg GAE/g DW).

4.2 Determination of total flavonoid content using aluminium chloride colorimetric
assay.

Determination of total flavonoid content was conducted using a modified method of
Shraim et al. [22]. A standard curve was prepared using catechin at concentrations ranging from 10-
50 ppm with sodium nitrite (NaNO,) as the reagent. The assay procedure involved pipetting 1.00
mL of catechin standard solution and mixing with 0.20 mL of 0.5 M NaNO, and 0.20 mL of 0.3 M
AlCl;. After incubation for 5 minutes, 1.00 mL of 1.0 M NaOH was added, and the mixture was
allowed to stand for 5 minutes at room temperature. Absorbance was subsequently measured at

505 nm wusing a spectrophotometer. A standard curve was constructed using catechin
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concentrations. Total flavonoid content in sample extracts was determined using the same
methodology and expressed as milligrams of catechin equivalents (mg CAE/g DW).

4.3 Analysis of vitamin E content.

Vitamin E content analysis was performed using an alpha-tocopherol standard curve
following a modified method of Bucci et al. [23]. Alpha-tocopherol standard solutions were
prepared at concentrations ranging from 100-1000 ppm in DMSO solvent. Absorbance
measurements were recorded at 298 nm wavelength using a spectrophotometer. For vitamin E
analysis in extracts, 3.00 mL of concentrated extract (1 mg/mL in 95% ethanol) was pipetted and
measured for absorbance at 298 nm wavelength. Vitamin E content was calculated from the
standard curve and reported as vitamin E content per dry weight of sample.

4.4 Analysis of polysaccharide content using phenol-sulphuric colorimetric assay.

Total polysaccharide content analysis was performed according to the method of
Masuko et al. [24]. A glucose standard curve was constructed using concentrations ranging from
100-500 ppm. The assay procedure involved pipetting 1.00 mL of standard solutions at various
concentrations and mixing with 0.50 mL of 5% (w/v) phenol solution and 1.50 mL of concentrated
sulphuric acid. The reaction mixture was allowed to stand for 20 minutes before measuring
absorbance at 490 nm wavelength using a spectrophotometer. Polysaccharide content in the
extracts was analysed by comparison with the standard curve and reported as polysaccharide
content per dry weight of sample.

4.5 DPPH radical scavenging activity assay.

Antioxidant activity analysis using the DPPH method was performed following a modified
procedure of Matthayom et al. [21]. The assay involved pipetting 1.00 mL of sample solution and
mixing with 1.00 mL of 500 yM DPPH solution. The mixture was adjusted to a final volume of 10
mL and incubated in darkness for 30 minutes to allow the reaction to proceed. Absorbance was
measured at 505 nm wavelength, recorded as Ag,qe- The absorbance of DPPH solution without
sample addition under identical conditions was measured as A oo 1he percentage of DPPH radical

scavenging activity was calculated using Equation (1).

control” Asample

A
% DPPH free radical scavenging =[ Jx100 (1)

control

where Acontror TEPrEsents the absorbance of DPPH solution

Asample TEPrEsents the absorbance of DPPH solution with added extract
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4.6 Antioxidant activity assay using 1,10-phenanthroline method.

Antioxidant capacity determination using the 1,10-phenanthroline method was
performed following a modified procedure of Szydtowska-Czerniak et al. [25]. The assay involved
pipetting 1.00 mL of extract sample, adding 1.00 mL of 0.2% (w/V) ferric chloride solution, and 0.50
mL of 0.5% (w/v) 1,10-phenanthroline solution. The reaction mixture was incubated in darkness for
30 minutes at room temperature, resulting in the formation of an orange-red coloured solution.
Absorbance was subsequently measured at 512 nm wavelength using a spectrophotometer.
Antioxidant activity was reported by calculating results in comparison with a ferrous sulphate

standard curve at concentrations ranging from 100-500 ppm.

3. Results
1. HPLC analysis results for cordycepin and adenosine quantification.

HPLC analysis results for cordycepin and adenosine content in 95% ethanol extracts
from Cordyceps militaris fruiting body (FB) and mycelium (MC) are presented in Table 2. The findings
indicate that cordycepin and adenosine concentrations in fruiting body extracts were higher than
those in mycelium extracts. This differential distribution can be attributed to metabolic regulation,
as demonstrated by Thananusak et al. [26], who reported that light exposure enhances metabolic
pathways in Cordyceps militaris, leading to increased transcription of genes involved in cordycepin
and adenosine biosynthesis, particularly in the fruiting body compared to the mycelium. These
analysis results are consistent with the study by Singpoonga et al. [27], which reported
concentration ranges of 734.9-9336.0 and 255.8-670.8 mg kg-! for cordycepin and adenosine,
respectively, from 39 Cordyceps militaris fruiting body extract samples analyzed using Near-Infrared

Spectroscopy technique.

Table 2. HPLC analysis results of cordycepin and adenosine content in extracts from Cordyceps

militaris fruiting body and mycelium.

Sample Extracted Cordycepin Adenosine
colours concentration concentration

(mg/g DW extract) (mg/g DW extract)

Cordyceps militaris  Dark yellow 6.96 0.13
fruiting body

Mycelium Light yellow 0.81 nd.

Cordyceps militaris

Note: nd. indicates not detected
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Although the mycelium contains lower concentrations of cordycepin and adenosine
than the fruiting body, its utilization in this study represents a value-added approach to post-
harvest waste management in Cordyceps militaris cultivation. The mycelium, typically a residual of
the harvesting process, was incorporated alongside fermented rice water due to its richness in
vitamins and polysaccharides, particularly (3-glucan, which are known for their skin-nourishing
properties, including moisturization, antioxidant activity, and skin barrier support [28]. This approach
therefore not only reduces agricultural waste but also enhances the functional value of the final
formulation.

2. Antioxidant content and antioxidant activity analysis results.

The antioxidant compound analysis results are presented in Table 3, encompassing
total phenolic contents, total flavonoid contents, vitamin E contents, and polysaccharide contents.
Antioxidant compound concentrations in mycelium (MC) extracts obtained using distilled water as
solvent were predominantly higher than those extracted with 95% ethanol. When considering
antioxidant activity assessment using DPPH and 1,1 0-phenanthroline methods, crude extracts
obtained using distilled water (WT) as solvent demonstrated superior antioxidant capacity
compared to those extracted with 95% ethanol (ET). Antioxidant capacity represents the ability to
accept electrons from free radicals, thereby converting free radicals into their oxidized forms.
Consequently, extracts with high antioxidant compound concentrations typically exhibit superior
antioxidant activity. In this study, antioxidant activity testing using DPPH and 1,1 0-phenanthroline
methods yielded consistent results, with Cordyceps extracts prepared using distilled water
demonstrating higher DPPH and 1,1 0-phenanthroline scavenging activities compared to extracts
obtained with 95% ethanol solvent. These findings indicate that Cordyceps extracts exhibit
excellent reducing agent efficiency, which is consistent with the research of Dong et al. (2024) [10],
who investigated antioxidant compounds in Cordyceps militaris mycelium and found high reducing
power values in the mycelium. Furthermore, the study of Ncama et al. (2025) [29] examines solvent
extraction effectiveness for Siraitia grosvenorii (monk fruit) antioxidants, testing water, ethanol (50-
95%), methanol, and acetone across phenolic/flavonoid yields via DPPH/ABTS assays. Key finding:
95% ethanol maximizes phenolics, while water excels for flavonoids and overall activity. This
confirms that extraction efficiency depends on solvent type.

In this study, water was selected as the most appropriate solvent for extracting bioactive
compounds from Cordyceps militaris mycelium for cosmetic skincare applications. This selection
is supported by several key factors. First, fungal (3-glucan possesses a water-soluble structure,
enabling more efficient extraction compared to ethanol, and is well-documented for its roles as a
humectant and skin barrier enhancer [28]. Second, MCWT demonstrated superior antioxidant

activity, with DPPH radical scavenging activity of 69.11% and 1,10-phenanthroline value of 502.55
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mg/L, both exceeding those of MCET. Finally, water is recognized as a green solvent that is non-
irritating and safe for topical application, unlike ethanol, which may cause skin dryness or irritation,

particularly in individuals with sensitive skin.

Table 3. Analysis results of antioxidant compound content and free radical scavenging activity of

Cordyceps militaris mycelium extract.

Sample Total Phenolic  Total Vitamin E Polysaccharide DPPH 1,10-

content Flavonoid content content (%radical phenan

(mg GAE/100g  content (mg (mg vit. E/100g  (mg/100g dry  scavenging throline

dry weight) CAE/100g dry weight) weight) activity) (mg/L of
dry weight) Fe™)
MCWT 16.08+0.16 49.86+0.24 7,714.41+9.86 1,692.90+1.89 69.11+0.28 502.55+0.52
MCET 14.82+0.08 83.74+2.26 1,0974.62+4.93 1,157.81+8.25 62.08+0.26 186.86+0.20

Note: Values presented as antioxidant compound content + standard deviation.

3. Preparation of fermented rice water supplemented with Cordyceps militaris extract.

Results of optimal fermentation time for this research were determined from the
fermentation of two rice varieties: Jasmine brown rice RD 15 (RD15) and Niao Kuang rice (NK) for 30
and 45 days. The study evaluated antioxidant activity using DPPH and 1,10-phenanthroline methods
derived from S. fibuligera yeast metabolism. The findings demonstrated that fermented rice water
at 45 days exhibited higher antioxidant activity in both assays compared to 30-day fermentation,
as shown in Figure 2 and 3. From the work of Razak et al. [30], it was found that fermentation with
Amylomyces rouxii over 18 days increased the total phenolic content from 0.03 mg GAE/g to 3.94
mg GAE/g and flavonoid content from 0.04 to 1.71 mg QE/g in broken rice. The DPPH-radical
scavenging activity improved from 9.03% to 94.22% by the end of the fermentation period.
Consequently, the selected fermented rice water with a 45-day fermentation period was used for

subsequent qualitative and quantitative analyses.



118 | MIaTivemaniuazimalulad ums.aassngi Print ISSN: 2586-8101 Online ISSN: 2697-6447

U7 10 aTUft 1 @WASTAL 2569-lwEU 2569)

30 Days 45 Days
mRD15-SF DPPH mNK-SF DPPH
Antioxidant activity of fermented rice water at different fermentation time.

Py Y I’
@ b= =]

4
i

DPPH
(%oradical scavenging activity)
B ok & &

&
]

Figure 2. Antioxidant activity using DPPH method.
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Figure 3. Antioxidant activity using 1,10-phenanthroline method.

Additionally, the acid-base characteristics of fermented rice water from Jasmine brown
rice RD 15 and Niao Kuang rice using both types of yeast, and fermented rice water with added
Cordyceps militaris mycelium extract at 45 days of fermentation, showed a pH range of 3.04 -
3.89. Color measurement results found that fermented rice water from both types of brown rice
had lightness values (L*) in the range of 27 - 38, red color values (a*) in the range of -1.04 - 0.04,
and yellow color values (b*) in the range of -2.90 - 2.92, indicating characteristics of a clear to light
yellow solution.

4. The study of antioxidant capacity using the DPPH method and the 1,10-phenanthroline
method of fermented rice water.

The study of antioxidant capacity using the DPPH method and the 1,10-phenanthroline
method of fermented rice water obtained from Jasmine brown rice RD 15 and Niao Kuang rice using
both types of yeast (Saccharomyces fibuligera, SF and Saccharomyces cerevisiae, SC) with the
addition of Cordyceps militaris extract (C) and without extract addition, compared to the

antioxidant capacity of Cordyceps militaris mycelium extracts, as shown in Figures 4 and 5.
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Figure 5. Percentage of antioxidant activity by 1,10-phenanthroline method of fermented rice

water under different conditions compared to Cordyceps militaris mycelium extracts.

The study results of antioxidant capacity using the DPPH method, comparing between
2 types of fermented rice water with and without Cordyceps militaris mycelium extracts, found
that fermented rice water obtained from S. fibuligera yeast showed higher DPPH antioxidant
properties than fermented rice water using S. cerevisiae yeast. When considering rice types, it was
found that Jasmine brown rice RD 15 had lower antioxidant percentage than Niao Kuang rice, with
antioxidant percentages of 47.32% and 49.40% respectively. The addition of Cordyceps militaris
mycelium extract was able to increase the antioxidant capacity. For the antioxidant study results
using the 1,10-phenanthroline method, it was found that Jasmine brown rice RD 15 showed better
reducing properties than Niao Kuang rice, with Fe” amounts of 682.88 and 636.04 me/L
respectively. The Cordyceps militaris mycelium extract showed good reducing efficiency, which is
consistent with the research of Dong et al. (2014) [31], who studied the antioxidant properties of

Cordyceps militaris mycelium and found that Cordyceps militaris mycelium extract had high
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reducing power values, resulting in higher Fe® amounts when the extract was mixed in. In research
by Hemagirri and Sasidharan [32], it was found that fermentation compounds using Saccharomyces

cerevisiae BY611 yeast showed good trends in anti-aging and antioxidant properties.

4. Discussion and Research Recommendations

Fermented rice water obtained from fermentation by both yeast types yielded different
results. Fermentation with Saccharomycopsis fibulicera TISTR 5033 yeast resulted in higher
antioxidant efficiency of fermented rice water compared to fermentation with Saccharomyces
cerevisiae TISTR 5013 yeast, which is due to the different metabolic pathways of both yeast types.
Additionally, the filtrate from S. fibuligera fermentation contains peptide compounds called
Galactomyces Ferment Filtrate, which has properties that stimulate skin cell function and inhibit
melanin synthesis. The properties of fermented rice water depend on the type and strain of yeast
used in the fermentation process. The addition of Cordyceps militaris mycelium extract to
fermented rice water from both yeast strains resulted in increased antioxidant capacity, because
The Cordyceps extract contains various antioxidant compounds such as phenolics, flavonoids, and
vitamin E, etc. Fermentation outcomes in rice water vary significantly by yeast strain,
with Saccharomycopsis fibuligsera outperforming Saccharomyces cerevisiae in antioxidant capacity
due to distinct metabolic pathways and peptide production like Galactomyces Ferment Filtrate for
skin benefits.

Future studies might consider the appropriate amount of Cordyceps militaris mycelium
extract for optimal antioxidant efficiency of S. fibuligera-fermented rice water. Measure antioxidant
capacity (DPPH, ABTS, FRAP), peptide content, and skin-relevant bioactivity (melanin inhibition, cell
proliferation) at 24, 48, and 72 hours post-mixing.
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ABSTRACT

The objective of this research were 1) to development of project-based learning via
cloud learning integrated with steam education to enhance creative work skills of grade 6 students.
2) to develop creative product design skills among Grade 6 students and to compare their learning
achievement. 3) to examine students’ enhance creative work skills. 4) to investigate students’
satisfaction toward the learning activities. The sample consisted of Grade 6 students from
Bankoungluang School, selected through cluster sampling. The research instruments included
lesson plans, instructional media del ivered via Google Sites, a learning achievement test, a creative
work skills assessment, and a student satisfaction questionnaire. Data were analyzed using
descriptive statistics and a t-test. The results indicated that the developed learning activities
achieved an efficiency of 79.41/77.45, which exceeded the predetermined criterion of 75/75
Furthermore, students’ post-learning achievement and creative work skills were significantly higher
than their pre-learning levels at the .05 level of statistical significance. In addition, the students
reported a very high level of satisfaction with the learning activities.

Keywords: project-based learning; cloud learning; steam education; creative work skills
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AdnAsy: NVIDIA Riva; luwnaniwiauialug); pygame; ROS2

ABSTRACT

Developing correct English pronunciation requires practice in order to build skill. The
objective of this research is to apply artificial intelligence technology from NVIDIA Riva, which
provides speech recognition and speech synthesis, as a tool for human-computer interaction. A
large language model (LLM) is used to function as an intelligent agent that communicates through
spoken dialogue, and pysame is employed to create a graphical interface in the form of an
animated robot face. ROS2 serves as the middleware connecting the various system components.
The system’s goal is to support English pronunciation training and to foster positive attitudes toward
English learning.

The system is designed to run specifically on the Jetson Orin NX 16GB, a small, energy-
efficient yet high-performance computer. This enables the system to operate offline, without
relying on a network, which improves processing speed and enhances security—unlike typical
cloud-based systems that often suffer from higher latency and lower security. Testing results show
that the system performs well, with low response times and high processing accuracy from NVIDIA
Riva. In conclusion, the techniques presented in this research are highly suitable for developing
innovative conversational intelligent agents, offering significant potential benefits across many

future applications.
Keywords: NVIDIA Riva; Large Language Model; pygame; ROS2
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wialiildnauanisldnu vise AP Key dsasfiavdnsldanunEiduna 90 fu dmsunisldnu NVIDIA Riva

NAINARAILET 9EvMsdnaATimesaeiineados wuwavsiavesalnawazlulasivu Wudu
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ﬁ"J“LJ‘UENI‘ML(ﬂaﬂ’lHW“IJU’]G]GLMQJJ%SL%ﬂﬁaﬂ@?ﬁIuL(ﬂa LLaVA 1.5 7B i docker audulunavunn
nans vnlilduiimeaaliinnaudvly Ssannismageunuiiluwaiinuaainneaueas waylifu
Huunniuly anunsaviauly Jetson Orin NX 16GB 1¢iduaenad

Tusunsu ROS2 axfiafaiiasdu Humble FieuuuszuuUfiAnig Ubuntu 22.04 Fafinda
1835%u desktop wazdmsulausi pyeame aindsandumedidnduiu
3.2 W lUSWASUBITEUY

drlusunsuiidosiaunléun node v83svuu ROS2 Tneawdl 2 node Tunsvieumdn T

1. dwreimssudeyadnn ASR uazdsdayaluil TTS (chat agent node)

v

159119184 node i Aonshnsiaiiu Riva ASR uag TTS iesuteyaidumnvasld
wazddlUlv node duiieuszanana uarsutoyad1mnain node duhuiiedandemasonlulvdldlagu

Iy nuwuUU NS (interactive) WanannUuLa? node UdsAnsafiudIuvat lnanmwvualigite

WA (chat) kagsy,dvayaseninaiy 2 i 1 uanslnevunsun1svauLes chat agent node

poken word—» spoken word
chat agent node

Actor

knowledge

prompt

2 1 laegunsun1syinguaes chat agent node

2. @IN1TUAAINANTINNLAEN1TUIZUIaNAT8ITZUU (agent node)

d1%3U node 9 zi3unn13viuvedlausn3 pysame Liananiantmaioulniy

v 1Y 1Y o w

Tundvueud wardaniuene lngagsy dedoyadu node duq wazidoyalUussuiana noudzwans
amadoulmnuensualneg uonanuu node dazUszananaioulvasqMAeIRUTEUU LYUNTIERS
913UAILAZNNINTIIADUATINGNFRIvRINITAUNRNoBNIE N WISINg Y LD node Yhawaziludann

2
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it o sy iy g’

Awd 2 msvieuvesnmedeulmluntvusudves agent node
A7 3 wanslaazlnIun1sv1aIuved agent node F9EIUVDY node A BUTBYAYAAINA
MwdanguunUieufisuiudeinisyaninsinguuesdliiiowdnmadnsnsussiunadues ualves

Wugud

word spoken emotion show
agent node

= o
il 3 laozunsunisvineuwes agent node
il 4 uanansineuasdgduuaaunueuesnidusniwmdingy askandluntives

Vueud Feanunsauansensualine i iieifiudseaunsainmsldanuvegly

ACADEMY

AW? 4 NM3viuvesnNEneueeNdsINIwISINgY
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3.3 NAADUNSYINTUYRITEUY
wasnlanaulusunsuiisndunsudiu §3deldvinisvaaeunisinanuuesssuy taed
JupaunTAniunsaal

1. 1WUan199119714204 NVIDIA Riva

2. Wan51ured lunan e vunnlg)

3. 139NN9YI9U agent node

4. 159nN15%91U chat agent node

5. V|maaumsv‘mwuﬁy’qdauﬂuaqmswﬁ@aLLazmiLa'um:u

6. USuugauiluiiaiimmunssuy

nsnegeuludiuvesnisyansivluwaniwauialugy agneaeuly 2 du launaiuaiy
gnéesuazUstaninin suaugndesdidelinsmaaeulasiliouiivuseninsyavesiauinienls
$1uu 100 9 isuduAneuilianszuy wagldnsindnsianuiienainvesnismeu (answer error
rate) Gansnadevtiu §AdeUsniiunnugniesvesmanaulaelidoyaniniiuled Wikipedia iiudoya

$1989 NTUTUTNNaNIINAERU TAgAUNISURIPRNTIAIURANAIMTURIALNITNA (1)

AER = 2E W
N

AER = 9AS1AMURANAIAVBINITHOU
AE = 37U3UAIDNUTINBURR

N = 9IUIUANDILTIIAUA

waNINTU FITelanaaeu anugnAeweINInnves TTS lneagindnnnuinnaInveInIg
1A (speech error rate) 3MNNSIUTUBUTENISAMANSEUUTEURBNUIMNRBNINUAZIHE I TIAD BN

Inglddeyaaniivles translate.soogle.com udayadeds auaunisit (2) nageududiuau 100 ads

SER = 3£ (2)
N

SER = 8R51ANURANAIAYBINTHA
SE = UM sNATIRANA N

N = S1uIuMYATvn
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Tududszansnm §ideldnaaeunnusiunisulasdmadudeniiuves TTS lngazinain

nanadgn s luinulalasiiuaulielia iseuukaninad1 At ueeni FaaaaunlgAIng

311U 100 Y
dmsunmmeaeuludiureinisiaunuinnnissingy ssnageulaeniswaniuussleaiiiiu

Taefin1smaaeunan1suAgn (positive testing) wazUNAINAHA (negative testing) AILTIUIUNTNAABY

961992 100 Fyn uazvnsinen EER fsaunisil (3)
EE
EER = N (3)

EER = 8M31ANURANAINUDIN1TUTS LI UNAUBITE U
EE = 91UIUANURANAINYIN1SUTLHUNAYDITEUU

N = S1uumyavisvn

4. HaN15998

waanmMIisEuy Hideliiinsnageunanisaliunsauilasenuuuld lngldnanis

PNAADUAINITIN 1 - 3

M19199 1 KaNSAFUATIHgNABIYBINTTIAREiUlIAAN 1 WITWIR LYY

F339 Nanle
DRTINTRANAIAVDINITHDOU 0.03
'ej”mﬂmiﬂmwm@mmmsmm 0.01

a

M13197 2 NsnaaeuUsEANTIINTeIMIRAeiulinan v ITwInlg

M0 HANTNAGBY
ANUSARAENITYAVOI TTS 0.43 Ui

AMSUNINAABUNMIYINNUTBINTEWNNBENEBIN TSN Y TNaN1SNAAEURINNT1N 3

f15719% 3 mimaaumﬁﬂixmawammmuwﬂmmmé’aﬂqw

3

gtiet) nanle

DNIIAURAANAIAVDINTITUTLLAUNE
0.02

VDNITUU
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5. afiuTeNauatalauauLLN1TINY
NNMINAROUNITNIUVOIIZUY WU NVIDIA Riva In1591191umeinun1siindes uagnns
duasendosdueded Inefianuwiuglunsidndeiissivas Insnevavedldegnsngs uaznisld

s

Jetson Orin NX 16GB Lﬁuqﬂmmﬂlumiﬁ’muﬁmmmmzau aﬂmimaﬁumiﬂismawaﬂmﬁgwixﬁ@
Tuluv Edge Technology latfusdnsd dafwasnisld Jetson Orin NX uananansslunisnevaues
udr daliFemaanisvhanlufies (off-ine) viliannsiannssuuindetisuagifinanudasnselsiu
Joyalusyuu aenndesiunseswlydinuasestayadiuynaa (PDPA)

nsllumaniwauialug/uu Jetson Orin NX aeldanunsafnssasiuluaissnouiiunes
Wivaseadeald MliAnmwsings uasduveslnanumunalngansalszgndnisvhaulsvany
sUsUY wavanunsaifouarufiuiulusuuuudesenld dafunadedasdieaieutnnsslmiqidu
Uselendlédnuin warfianumnzavdmviunisldlumbenufivhdlnaanssuudumesiin wulsaSeu
Tutuun

nsldau NVIDIA Riva fignunsaiseuduuusesanlituiu dredradunisldideaamnzluuiun
NUUNAIL W e wviesduusasdl dmsu ROS2 fteffeanuansadunisidenlemielusunsy
adiaeiu vilvgeenuwuussuuaunsaadageniuisluguiuuuusdiu (modularity) Ia villiagaan
HONITHAILN mmsaﬂ%’mﬂ?{auhLmachfﬁu‘f]zyzgwizﬁwﬁluamﬂmiﬁimahiﬂizwﬁumwnmaﬁzw
wazuAdamanegiintuldde dunsld pysame Wuauaulalifunnsldaussuy il L3dn
waamaudunslanu wazadnufdunusiussuulaedgaiiusz@nsnim pysame WuAMNEIsasIY
Uszaunisalvesld (user experience) wazannsniudoyasrisgsinmnassuy ROS2 Suvinliinisidosles
funuludududululiessaznin

nMsiawINuIderesenluauian a131150vlABE1MAINTANE FULUUAHUSUNIIWANY Wag
dquveslunaniwivuinlag darursaid onUszianuazvuiala nuau el sauiue uaudi
(specification) ¥asgUnsaifild nsUivduveeundiadunasnsufduiusivgldfamnsausuasuls

AIUAMLALNZEY UaTAIBAIINAINNTATEI NVIDIA Riva asifiunaavesuinnssutuluegiaunn datu

v
=1

asrauinnnsidetasndulszloviludaasvgiowasdenuegrannuey
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nsasziinludAmudinarituteaukdaselunissutninnasiu

¥9992011A131n rPET 100%

FINITE ELEMENT ANALYSIS FOR PREDICTING TOP-LOAD STRENGTH OF 100%
RPET DRINKING WATER BOTTLES

UNST WaLies ¥

Napathorn Punpain '*

! mendeIminssumansuazinalulad uviIvendegsivvasing
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o

Funsuunem 12 nuAmig 2569 TukAlvunAin 6 wIeN 2569 TupeusuunAIIN 30 WY1 2569

unAnEa

mATethiauemsuszandldnisiinszilwludiediuud (Finite Element Analysis: FEA) o
Vuneauudawsslunisfuusanasiuluwuaie (Top-load Strength) TeImAinaR N NATEdAn3
Towfia rPET 100% wW3suiiieufuvaniindnain Virgin PET melddeulamasvndauwaznissunissi
wiloufy Han1Tinsesiuandliliiuiinam Virgin PET fianuanunsalunisiuusaneviugsgail 282,50 i
#u Tuvaigiivam PET 100% farwanunsalunssuussanaunde 245.80 Ty vieanasUszanaiesas
13 neaanansdunanmginssunindomefiadrondetu Aodnsazauanuidugaasnisliaane
(Buckling) 13 uduiiunamevinuaylvdvin LLU‘U%‘"]aaaﬁﬁwuwsﬁuﬁﬁmmaamé’mﬁ’quﬁmsmma
menmuazannsolfiiueiesdeatayunsesnuuuiddmnssuileuiuusslasainsussgiusionntan

SluAaldianuudusadisuwintanlml Fadunsdaasunsiaunussgianndsd ulussdugnamnssy

e19UUTEENTA N

AdAsy: wanadn3latia (PET); seiouitlnludioduud; anuudusssenssnaiy; mslnaaiz

ABSTRACT
This research presents the application of Finite Element Analysis (FEA) to predict the
vertical top-load strength of drinking water bottles manufactured from 100% recycled polyethylene
terephthalate (rPET), compared with conventional Virgin PET bottles under identical geometric and
loading conditions. The simulation results reveal that while the Virgin PET bottle exhibits a

maximum load capacity of 282.50 N, the 100% rPET bottle shows a reduction in strength to 245.80
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N, representing a decrease of approximately 13%. Both bottle types demonstrate similar failure
characteristics, with high stress concentration and initial buckling occurring at the neck and shoulder
regions. The developed FEA model demonstrates strong predictive capability for engineering
applications, providing critical insights for structural optimization of recycled packaging to achieve
performance parity with virgin materials, thereby supporting sustainable packaging development in
the industry.

Keywords: Recycled PET (rPET); Finite Element Analysis (FEA); Top-load Strength, Buckling

1. uni
Tutagdu Jgywweznaradnldnaeduinganisaidud swandeusedvlan dawali
AMARRAMNITIHUTIYA UL IiANd A AUk WIRAnLAsYgRanyu sy (Circular Economy) 881993994
Taganizn1sdivIananadnyianedieiiawniswnian (Polyethylene Terephthalate: PET) ndusnld

'
o aa o

Tl wanafin PET dmdutanifidneninadunissiafa udanuimeddgdenisndndulimianisld
wanaRn3lelda 100% (100% rPET) iiteaansldidanarainuians (Virgin Plastic) pgnaauysal s
Whmneanudsfuesuusudaufssiulannaewisidosnisussqimmneanuidunarmisensveu 1,
21 gdlsfina nszvaumsslaananafindeaudoudinaisass dmalnemsaelnssaiduanavoame
dwes Mlviiansdnvinvesargldluiana (Chain scission) wagn1sanasvesAIAuvia (Intrinsic
Viscosity) Safuanmauaniiviiliaudinisnavesuin PET seeuszansnamaadlowfivuiuan PET 1nse

U%ﬁjwé [3, 4]

Reprocessing
A
Recycling Product
et s
Collection Consumer
" L
Waste

- “
[
AN 1.1 WHUALANISTIAT YR BuYeansivIa PET ndunn3ladailuvasluel (Bottle-to-
Bottle Recycling) [5]
wildlunasinasguiiddyiiaalumsnuauamnimussadasivaniig Aonnuasalunisiuusana
Tuwafis (Top-load Strength) Fadumsvndeuaruudusmosaidofosiudminanmsoutuly
NsEUIUNITIANULAT LAY Wnuan PET fanuudausdiiissme sxiilugnsuvaatevsenisianay

Yosnesdud neliiAnemudemeniuasugiaegiaumiea (6] MIMAaaUAMNRIILIITIEITNITHALAY
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(Trial and Error) lasnsadrausifaninasiinvinasafiodnumageunaviuty Sfunugs Mszevnauu

waznelviAnvsrnanaAnaInMsageUTuILINN edaudeiundnnsinunaanden [7]
FadumiAfeiianuwenianeidfeiiihumegisdanu nanfe (1) yutiunisinwami

fuan PET 100% leslsinauianuians (2) nsinsgiiddassadeiessidouisivludiedmudiile

wWisuileuiu Virgin PET aeldideuluifienduegiaduszuu way (3) Insgsdiunisingnuosnanuiu

=

LAYNANNISIELTNOTEN F9galin155189URgNeNRluauddenauntn [8-10] NadNSINNIWITeTIA]

v
=

dtfuduesdanuiiunsesnwuuussytusinnnanainslefalidiauudasiwas S8uunnddy

AT 1.2 98 19NANITIATIERNITNTEANLAULAY (Stress Distribution) vurInnanaann1elaLsIng

Top-load Mmglusunsumalwludiediuud

2. PNaEsHazIUIeNNeITa9

av o a Y o wa

ludeifaznanfmguiuasnuiteiifedostuaudivesiannediefidumsnmian (PET)
faluguuuuuiqrisuasilada (PET) samdamguiarudemevesssyfasingliusnaiv wagvdnns
Jnseieisiiludieduus (FEA) Wieldifunseunndnlunisadsuuuiasminenfiomes
2.1 auvAdanauaznisidouaninuas rPET 100%

wodlefdumisrinan (PET) Wunanafinfsudn (Semi-crystalline plastic) fieulduanvami
fudlosnianulaaraudinistdestunsduniuresfieiiniben agrslsiniu msih PET nduan3leda
100% (100% rPET) witaldlusl Fosrunszurunsdrevinauaseauasaouaaf AN oL
MaN85ou UITERe Wan et al. [11] waz Hopewell et al. [12] wuinnszuaunsmeanudouiiamals
\Aansanuinvesansleluiana (Thermal degradation and hydrolysis) Saifuaniaudniivinlsidiaau
wiln (Intrinsic Viscosity: IV) anasegsfifaddey er IV anas azdawalnenssliamudiumuusaia
(Tensile Strength) LazAdugangu (Elongation at break) Yoanarafinandias demaliein rPET
Snvazmzwazuandieniiviedndnandanatainlml desansluwnuninenuduiusaanudu-

a

ANINLATEA (Stress-Strain Curve) lugu 2.1 Fawansliiiuindan PET fgauaniinfisinisininanuiqns

q q
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70

60

Virgin PET Val

L Virgin PET
Q‘f 40 Break Point
= M. 100% rPET
§ 30 o Break Point
ot
@ 20

10

0 | | ‘ ‘ |
0 20 40 15 20 25 30

Strain (%)

AT 2.1 WNUNTNLERIANEUTUSANLAL-AIULASEATDA Virgin PET way 100% rPET
(WAUUBU (X-axis): AULATEA (Strain, mm/mm); WNUAI (Y-axis): AIULAL (Stress, MPa))
2.2 NOANTIUNTTIULSINAYIU (Top-load Strength) wazANuLdeRIBVBIVIN

mwausalunsiulssnalulings v3e Top-load Strength AaBNATEIL ASTM D2659 1y

v ' '
U Ao -:4 o A

FuidYanunnitddyfigavesamiity edesiuarundemessritnsdnfuuarnisvuduuu
FouNan $1U338V09 Masood wag Keshava Murthy [7] lafnwinginssun1sivhvesvin PET wavsvy
'i'm';mLﬁwwﬁﬂLﬁwﬁyuiugmmwmmﬂmLms (Buckling) U vInn3olvavin dadugeiiiinng
WasuwawnnumuwargUNsmNTign uanaIni Demirel uay Yaras SRUNUTINNINTEATIIATINNL
203W1fs19n (Wall Thickness Distribution) faudnfayeensd weanuudauss winvin PET 100% 3
anuvunilsildainaseviounafululugaings awilinrmausalunisiunsianasiedosas 20-30
doisusuraund 8] fefunsosnuuulassaineduyu (Ribs) wieamansuuiwniadunagnsdidny
Tumstenszaeeuifusaziisluiudaudes (Moment of Inertia) lrifulassaiawan
2.3 nsuszendldsntouisinludioauud (Finite Element Analysis)
NIMAADUATNLTUIIWBUIN PET Aen13uAntuaiuads (Physical Prototype) ffumugs
uagldiiaiuiu JlinsdunaluladaeuiamestislunisAiuin (Computer-Aided Engineering (CAE))
Tnenawzssidouislwludiediund (FEA) wszgndldosnaniisnnns vinmsues FEA Aensuustusud
fisunsstudouseniiuiudiugosn (Elements) fdeusofudiegnse (Nodes) it oruammA1ns
N3LINYAMULAY (Stress Distribution) uazn15idegu (Deformation) 11338904 Hu et al. [13] Bududn
331809 FEA aunsaviunean Top-load Iauiugh Inefianuaaimpdeuainuanismageuaiaiies

= v '

Yovar 5-10 mnfinsivundraudAiaguazideulyveuiun (Boundary Conditions) ignées angn
NUITBVY Salazar et al. [9] 19 FEA 1nl9ia1z99iuvin rPET 100% lagiauainnsiauuudnasimig
oufmostelitnesniuvaInsaUiuguANLMUIvesInlugaitinAmLAugs (Hotspots) Tviudt vin
Wanusowaunwan PET Aflanuudausafiousinnan Virgin PET lalaglddaafiuiminwanannlnelsl

Fndu



157 | nsaTivermansuazimalulad ums.assngi Print ISSN: 2586-8101 Online ISSN: 2697-6447

U7 10 aTUft 1 @WASTAL 2569-lwEU 2569)

3. 35N1599¢

nmseiifunmsAnwideduam  (Computational  Study)  IneldszideviSlnludiediuud

'
a a a

(Finite Element Analysis: FEA) iftevhunenginssunienavesintinmuiindaannarannslewda 100%
(100% rPET) L‘LJ?EJ‘ULﬁﬂuﬁuwmaamﬂwﬁqwé (Virgin PET) lngnisiiasngniaidunisaniglusunsy ANSYS
Workbench 2023 R2 (ANSYS Inc., USA) Faildupeunsiidunusseluil

3.1 dunsumsRiiiuenddy (Research Framework) igliinistinseiiuloghsiiszuy §3eld

AMUUATUNDUNTANLTUIURIT

®  N5E5NLUUIIARIVIALN (Geometric Modeling): 8aALULYIN 3

va o

o nsivuaauUfdan (Material Assignment): JouA1m151801005 03 Virgin PET Way

q

100% rPET
e  msadramy (Meshing): wustunudussiusznaudes (element)

®  NININUARNIILVDULYALAZLTINTEN (Boundary Conditions & Loading): 91884

A01UNTAINISNATIY

®  MIUTTUIAHAUALIATIZVIHA (Solving & Analysis): ANUINMIAIAIILAUKAZNNSIHEFU
3.2 N13a5191UUINARUTVIARIA (3D Geometry Modeling) #3d8vin1sasneuuudnges 3 ffveswini

ANUUIAUTTY 600 fiadans Fulurwnuasgiluviewann lneldlusunsureniiumesvislunisesnuuy

v
o ]

(CAD Software) 1u SolidWorks %38 Autodesk Inventor Inafin1smuunliadndiusiail
® Augesau (Total Height): 210 fadiuns
o dururudna1ad1dia (Body Diameter): 60 Hadluns
o aumuniavIn (Wall Thickness): fwusliiianumunade 0.25 fadwns

®  FUNT: NTINTEUBNNIBNTOUATULTI (Ribs) UShuddmviatitediglunisuns

'
v a

3.3 MsivuaantRvesdan (Material Properties Definition) dauiliduduneuiidfgyfiaatunisuen

'
a

ANLLANANTETINTIAUNALAzIns lfa {IdudneBedayaandininadnnuidenkiumn (Secondary
Data) I vualviiandnginssuuuu Linear Elastic uag Isotropic (udfimiloununniiania) lngly
AMNTALNDIAINITIN 3.1

a wa o P a ¢
M19199 3.1 audinenavesianilylunsiiasey

auvfnang Foyanual aveld Virgin PET 100% rPET
(Mechanical Properties)
ALY (Density) o kg/m?3 1380 1370
faduanga (Young’s Modulus) E MPa 2800 2400
dn31duIwes (Poisson’s Ratio) vV - 0.38 0.38
9nA31N (Yield Strength) Oy MPa 55 45

*fsduenaa (Young’s Modulus) uagqnasin (Yield Strength) ANAUARIAAADY £10%
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3.4 N138319%Y (Meshing and Discretization) tlelinsiuiniinnuusiugh wuusassanuiiignus
oonifussduszneugesiiiousetudulaseing lunsAnuiidenld shell Element wiin Quadratic (tu
SHELL181) Bamnzamiulasaimiiiuiwesmintiiy aunsalinnuusiugigdunislesesiandu
wagwpinssunsliane  swsesiusunsddmesmnnldestedussAninm - masasBeavesumgn
fvuslriinnumniugaduiimsuinuneinuasivann - Jaduiumissinningineiudugega
venanildsiiunmegeuaugiitvessnlasnisuivmnnumlianBentustiwioios  aunseiieen
mnsdusimsAsuLasieonin 1% S?inﬁué’uié’fdwamﬁLﬂi’lsﬂﬁiﬁﬁua&ﬁwu’mmamm ileUsziliy
AV AL VDIV IgvhmameaeuanugiinvessalansusuInuIterusEnautosuay
WisuitsuAeuidugegadils dsuandumsisil 3.2 uazamil 3.1

A5197 3.2 NANSNARBUAIIGHNTBILY UansTILIUBIAYTENDY AIANULAUGIGALUY von Mises LAt

AN5D8AYANUARIALARDUTTNINIUY

Mesh size (mm) | Number of elements | Maximum stress (MPa) | Percent error (%)
3.0 6,200 77.85 4.04
2.5 9,800 79.92 1.49
2.0 14,500 80.65 0.59
1.8 18,200 80.98 0.19
1.5 22,700 81.08 0.06
1.2 26,300 81.13 ~ 0.05

81.04

80.5 4

80.0 4

79.5 1

79.0 4

Maximum von Mises Stress (MPa)

78.5 1

78.0 4

T T T T T T T T
7500 10000 12500 15000 17500 20000 22500 25000
Number of Elements

andl 3.1 NINAFBUANGIINVONUY UAAMUILTNNITAWIVDIAIAINAUEIAALUY von Mises o
$uuessUsEneuLiiny

A151971 3.2 wazAd 3.1 wanInanIsVadeuALginveLY tnefiansanauduiussening
SuL0UsENoURUAANIAUGIEALUY von Mises wiouisnAiorazanLnaalAdousEing
weiseriosiu wuidlesuussdusenauriuay @hmmLﬁuﬁLLmIﬁmLﬁu%ﬂuﬂmé’udauvﬁ@mwmﬁ

LAYANSREALANNARIAAADUANAIDE1NRBINEY tneliANtasnIN 1% WdnuiuasrUsEnauu1nnIi 18,000
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elements wansimadnsinrugiiuszdudassrnuinurlutasingm Saunsadonldumlutsd
wielildnadmsatanuudusuiismeuasivssansnmdsiunivangay

3.5 MINNUATAIITVBULYALALILIINTLIN (Boundary Conditions & Loading) n15inaesan1izns
VAFULIINAVY (Top-load Test) 9¥9198MUUINTFIU ASTM D2659 Tnefinsiarndail

1. agﬂ%%u’ﬂ (Fixed Support) fiwualiuiaiuin (Bottom Surface) gnéansawuy laifinns
wdsulunALAY (UX=UY=UZ=0)

2. w53nse9 (Loading) Wiurunashass (Rigid Plate) naasiivdnuinuiatinumdunistedu
s2znsan (Displacement Control) Winnaswiluszeznie 5 Sadwastufiemauaia (Y axis) Tne
ssoznsvdndenanignidenliinsounqurimginsamdanadusguiangy  (Elastic  Region) Tuaufis
WiBuFuTessidegUanisuaznstiany (Buckling Initiation) ddenndesiunginssumsivhvesyin
melsusanariu Assnandaiglianunsalseuiisunginssuddasiaseseninaianlaegatnau
melieulvnmsmaaouideai
3.6 ngin1TEiAMudene (Failure Criteria) lumsussiiuivinasidemenselal aeldinun
Von Mises Stress lngfiansandimnuinugaaUseuiisuiurnanasin (Yield Strength) veeTan
wihuudnaezanuAlvianing Anssuigadu (Linear Elastic Behavior) uin1sussiiunisidemeds
annsaddunsllasnsiiouiisumanuidugsgariuagansn daduuumailifuegiumnsvans
Tumsieseiidaimnssudmiuianindues Tnsfarsandai MINANAIILALESER (Max Von Mises
Stress) MAnTuluTuNY Tosni fngaRsIN (Yield Strength) ¥oe3aR (O gy < Oy) Bod1vinUaonde
WINANAUALENEA 11NN ANRRATIN (Oppay = Oy ) Bedmaadiamsideglanisvsedeme

o W o

3.7 auufgIuuazdadninuauuudnaas (Model Assumptions and Limitations) wuudnasaniallug

v
a o

wawdlumAdelgnimwneldaunigumvdn touwd (1) Tangnauudliiingfnssuwvuidadunaziu
Lﬁaﬁmﬁ’unﬂﬁﬂma (Linear elastic and isotropic behavior) (2) lifla1samareensAu N1y
warngRnssuliBaduvesmatadin (Viscoelastic and plastic effects) (3) sunsasvindinvesvinilunuy
gauaf InglisumanszuanduidfiAnainnseuiunandn uay (4) MsAengiiasaanEnITuLs

a

wuuRsadeluiudfy  aunfigiudinaimunzand niun e e iidaUseuiisuwaznnsuseliuwaly

o o

Auudsadslasiadne uiddidesiialunsyinenginssuneldannemsldnuadidudou

4. WaN133Y
kansiezinnuLdusmemamhduuun 600 faddng farumuinilinn 0.25 feduns
neldussnariuluwuaf (Top-load) freszdeuisinludieduwud (FEA) Tnsutsan1sfnwieonifu 3 di
wian luA N13nsEReAINAY (Stress Distribution), n1sidesu (Deformation), wagnsiSeuiieusl
ALANINInlUN193UNI9gegn (Max Load Capacity) lunistiamesid nisdemevedlassadianangn
fisananauizeusduninisgsgaildannsmanuduiusseninusuarnnszdn Samfunsiin
nslramzlamsiiuagmsavaumnuidugsuinalassaiadmaoniaadivann - daieilugnbudunes

Anulianesgadasadig



160 | NIaTivermaniuazimalulad ums.aassngi Print ISSN: 2586-8101 Online ISSN: 2697-6447

U7 10 aTUft 1 @WASTAL 2569-lwEU 2569)

4.1 NaNTIFIATIZANTITNTZAIBAIULAY (Von Mises Stress Distribution)
PNMTIRBIANTIEMSTULSINATTUTISyEEnsEdn (Displacement) 5 adluns Fuduszozdag
nAsauARY  elastic-plastic transition Wa3aLsy  buckling r;\lamﬁLﬂi’]sﬁLLaﬂﬁﬁLﬁuﬁﬂwqaﬂii:umi

ATLAYAIVDIAULAY (Stress) UUKITIVIN é’aLLam"LugUﬁ 4.1

Nonlinear Buckling Analysis of
100% rPET Water Bottle (600 mL, 0.25 mm thickness)

Von Mises stress
-81.126

-67.673
1-85.245
I -62.695

31.565
24.068

-2.386

2.086

Material: 100% rPET
p=1370 kg/a3* E 2100MFA,
w=2430,033,

Yeld Strength = &5 MPA,

Fixed base

]
5 mm displacement compressive loading
of 600 mL water bottle Causes buckling

Von Mises Stress Distribution Under Nonlinear Compression

AT 4.1 N13NTZBAMUAUKUU Von Mises uazdnwaiznisinuniz (Buckling) ¥@9v3¢ rPET 100%
finnamin 0.25 w.

N 4.1 LARINANTIIABINIINTZANBANIAL (Von Mises Stress Distribution) 484339
ihiufindennwanain  PET  100% feramumily 025 Sadwes  neldmsdiiuszeenag
(Displacement) 5 fiadlans WuiUTRAAngARAnAIAUgIEn (LaVALAY) nszanfegogimuLy
UilnsegseseninemerInuazlnaIn (Neck and Shoulder region) lngslAnAasiAumsgatis 81.13 MPa
afianAunindndrinnnadaveuniogansin (Yield Strength) vosian PET Afvualiifies 45 MPa duwa
Tiasahiaiemsidiluguuuunsiaaeme  (Buckling)  wasiinnsiuguegnns  (Plastic
Deformation) UStiudIuuuIBsUInRE e TRLaY
4.2 HAMIATINN9T83U (Total Deformation Analysis)

wenuilennmsessienuiundy  nsAnwngAnssunisidesy  (Deformation) Hewdu
Haduardnlunsussiiuatosnimvedassaiienn Taoemzideldiag PET 100% Adanuudands
(Stiffness) anas amswIsuisusEMIsnouLazvdINslFsuLsInaTiuiszey 5 Tadiuns uansianmd
4.2
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Nonlinear Large Deformation of
100% rPET Water Bottle (600 mL, 0.25 mm thickness)

Before Compression After 5 mm Compression
(Displacement Scale 3.0X)

Before Compression After 5 mm Compression
(Displacement Scale 3.0x)

Material: 100% rPET p = 1370 kg/m?, E = 2400 MPa, v = 0.38 l 3+mm
Yield Strength = 45 MPA

Local Buckling Behavior Under Nonlinear Compression =
of Thin-walled 600 mL rPET Bottle = 0mm
(Deformation Scale 3.0x) |

s 3 +Buckling l
0Omm

Local Buckling Behavior Under Nonlinear Compression of
Thin-Walled 600 mL rPET Bottle (Deformation Scale 3.0x)

Al 4.2 mswSeuliisunginssumsidesu (Total Deformation) Y933 PET 100%
NBULALUAINITNATY

il 4.2 uanswanssiaeaginssun1aidesy (Total Deformation) YeswInfs PET
100% U 600 Hadans Aimnumuids 0.25 Tadwas meldnsneviuieszezdn 5 faduns lne
Wiguiguan1ienauuagnain1sFulss (Before and After Compression) WudilaseaseuIainn1sgus
‘LuLLuﬁﬂLLasﬁmnﬁagﬂﬂaqaaﬂé’m%’w (Lateral Bulging) egstmiauudiailvavinuazaiddiuuy
UsfanmaiausingnisainsTaaeny (Buckling wesutiung Tnsnmsaadldldinmsaiunisueneaanis
\doU (Deformation Scale) 3.0 Wi lauansuviesnmsiugularsgapdoiaiiosnmyadasaiig
Ttusudnd e

4.2.1 maSeuiieuszeensidezuluiuiving (Lateral Deformation Analysis)

dosnnaeasuiifumsnuauszesnszdaluuuais (Displacement Control) #i 5 fadiunsiviniuita
aoansdl AnuuanesidRnTeegd "nadeguluuuniall’ vienisleteenveswin desuendsuuds
N34 (Stiffness) vodlaseasna lnen1sinsveznisUsteangian (Max Lateral Deflection) Ustanilviauan
Ignaannsneil 4.2

M13197 4.2 \Wisuiilgussezmaide suaEnluluiving (Maximum Lateral Deformation)

viiadsg (Material) TLHLHUAUUIAS szezUosaaniudiegegn
(Vertical Disp.) (Max Lateral Bulging)
Virgin PET 5.00 mm 1.85 mm
100% rPET 5.00 mm 2.42 mm
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NAINTI971 4.2 WUwan PET 100% finsvenesheandiudnannniiean Virgin PET &1 Souay
30.80 HeBudléinTan PET inumun 0.25 fadwes Tarmsuvusionsidesuinii wagsluuliud
wdegunssanslihenideifinnisnszunnvionaivlunislaueds
4.3 HAN1TAATIENAMUTURUS ST USINTEIUAzsEEzn19ldegU (Load-Displacement Analysis)
dieliiufamnuannsalun1suuss (Load Capacity) WagWORNITUMNATEMINLNPNARBANTLUILNTS
naviu {I98ladman159Ia0aI 1IN INANNALRUSTErIMsURATeN (Reaction Force) Lagszesnis

Y

\de3U (Displacement) fguansly ANl 4.3

Load-Displacement Curve with Pre- and Post-Buckling Behavior
Wall Thickness = 0.25 mm

- Peak (Virgin PET.
—— Virgin PET (Pre-buckling) ak (Virgin PET)

-~ Virgin PET (Post-buckling)
2501 —— 100% rPET (Pre-buckling)
=== 100% rPET (Post-buckling)

200 1

150 4

Load (N)

100 4

T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0
Displacement (mm)

AW 4.3 nTukERIANEITUSIEnIaLsINA (Top-load Force) Larszezn1sidesu (Displacement)
WIBULBUTENIN9IA Virgin PET Lazwn 100% rPET 91A1UUINtd 0.25 Jadluns

a

PNAING 4.3 BAAINTINANUFUNUTIZII19UTINA (Load) uazszezn1adsgu (Displacement) 9

Y

v
S o a o

AR 0.25 fadwns nan1siSeulilsunandliiiuinun Virgin PET (@wdinidu) anansasuusena
auanleuszanas 282,50 Tadu luwaigiivan PET 100% (Euddu) ansnsasuusanagegnldiiles 24580 7
1 Tnoidunsmves Virgin PET Sanudufiganindndosluta Elastic Zone (0-2 1) Satsiisenuonda
AuEanguiigendn daunsmives PET 3aingannsin (Yielding Plateau) Aiszduussininegsdnay
wansfalsEAvBamnssuussiianasnmsldfanslada
4.4 nMIMsIREBUANINGNHBIAzAdNAL e RB YR ILUUT1ABY (Model Validation and Reliability)
dieliudladuuusaedludioduudinautuiianuuiuduarannsoldiuonginssuvesw alé
ogaiidefie Inedniunsnsisaoumnugniesitu 2 3nsvdn ol

4.4.1 M3NAAUANGLI104UY (Mesh Convergence Test) §378lavin153asgsinnulives
1UIBIAUTENOULRY (Mesh Sensitivity Analysis) lngn1susuanvuinveediuud (Element Size) 90
5.0 1. a99udia 05 1y, ilodanAnsIUAsULUAIYBIAIAILALESEA (Maximum Von Mises Stress) Ha
mMsnageunUILlsvaledLATvuIAENNTY 1.0 1. AAnaduiidwlfsuiaund Tnedanw
uansinsaskadnsosnifesar 1 dutu Sudenldvuinofundd 1.0 uy. Fadugaillianuusiugigs

waylusrernanlunsUssaIanatwuzay
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4.4.2 Mswisuiisusunanisfinwneunti (Comparison with Previous Studies) Hiasainnnsanu
Hifumssransieneufinnes Falanan1sIATeRnInaTiugedn (Top-load capacity) Y8423 Virgin
PET fignuaildanuuusiaes (282.50 fadu) TwFeuiisufiunansnageudmnasuaziuusianives
Han tag Kim [6] 59389 Masood [7] Gﬁaﬁﬂmﬁumﬁ'ﬁﬂ%‘mmuaxgﬂmﬂné’ﬁmﬁ'u WUIIAIAIIY
AaALAdDL (Relative Error) aglutisiosay 5-8 daeinoglunamineensulilumsimnssy (aevllsl
\uSesay 10)

A19197 4.3 LWTHUWBUNANMTIATIENLTINATIVgIgANLUUTasiuteyasneds

e ERERTEATRTIAAT ussnagegn (Hadw) | dausng (%) | 91984
wuudnaeslagtu (Virgin PET) 282.50 - miAfed
HANSNAADULTIRUAY (Han & Kim) | 268.40 5.25% (6]
HANSNARBULTRNAY (Masood) | 295.10 4.27% (7]

g
[

MnnsnTadeudiedy uandliifiuiwvudiaesduludiofuudiwaundudssduauud ugii
wisanelunisiluldvihnenginssunisiunsweswan rPET 100% Tusuian

4.4.3 MINTIVAOUANINADAAADUTINAAIERS (Mechanical Consistency Verification)
WoNLUilaINN1INTREBULTIFaURAZNITUT BT BUAUUITonaunTwa) bAlin1sHansaNA1Y
ABAAGDIVBINAANSAUMENNITNNAAIENTUDITAAUALIATIATI WU wualduveIHan1TIATIEVE A
aonndastunguf nande Yag rPET il Young’s Modulus #nin Virgin PET wanswa@inssuniside
sUfisnnniuazdanuaansalunsiunssenas Ssaenndesiunanisdiaesiinuiivan PET dan lateral
deformation geninuazan top-load capacity #1031 uenanil 3nsEANEfve s UgIEATI U A
revInkazlravIndtdenadaiungunisinaunzvadlassad1aniiaund (Thin-walled structure buckling)
Fatniintuluusnafiinsvasuuamensnadauaymiuvunetisdundu nadnssananiusui
wuuaeasaaevioung Anssunnavediaswainsldes A naupa
4.5 afuseNaLdInafIans (Macro Mechanical Discussion)
MNRENTIAsdarannsainnsamgAnssninavedasiasaaniilussiuimanaldegng
Fonau Tnsnuiilasairevesindeddnuuzidulassadandaun (thin-walled structure) Tuualanfa
ns3gAlugUuuunsaaeg (buckling) 1nninsidesuuuudadi (tensile failure) o3 unsanaly
WNAs MInsEEfvssnIAugEniiuinanovIauasivavInausaesuelfnmsIUAsuLases
adanuazaildvadasiains Ssdamwaliiannssanfvesaudu (stress concentration) Tuudiin
fandn deusanawiindy anuliafesBdaseaing (structural instability) asFsnintuagiiilugnistia
Wizl (local buckling) Aeufiavwaundunisiuguasiuseiulasadne Wefinsanuioudiou
sewinatan Virgin PET wag rPET 100% nuinias PET delugdadanegu (Young’s Modulus) #1ndn
denalifianuudadelaseaina (structural stiffness) anas waziiuwildauinnisideguautie (lateral
deformation) li1enin Feaenadasiurnansiinsgifiuandifiuiimn PET feanuanansalunisiu

o LY a

L39NAAINT wazidngan1igdvRgindy uenaniinanmegeuaugiinvesusdluduiinginssuila

v
1Y

LaRuiurwe waziwdesnmdssiuay inliaunsadeioliinansiasgiasioungAnssuasaves
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lassa$slusgdvunnia lagasy nalnmsidhvesnindnunmeliusinaiugnaiuaulaedadendn laun
Anuudwestan sUsmasviade uazanuliabesddasedne falussiusznevdfgylunsesnuuy
wazdsuusamnnatainiioinanuudausdunisldnuais wginssusainanaunsasduisdiiudiulanie

wwIAn critical buckling load sUuegiuAIAMLLIwDITaALAT NI TMDTNLSVIARINUDILATIASS

5. aAUTIENALAZUBLEIUBLUZNNTITY

nMsideides "mslnseianuuduswomamaumanainsleda (PET) desuideuislwlug
wlud" HnguszasdiileAnumginssumenanasiieuiisunrmanusalunssuusinaiiuseninan
NAn91N Virgin PET wag rPET 100% Aiannumunnids 0.25 Tadmns lasannsaasunauazeiusenals
il
5.1 d#3Unan15338 (Conclusion)

INN591809wUUT e AdnAIdnd (Simulation) AMeldan1izusinaiuluwuii (Top-
load Test) faesreznisng 5 faduns lidoagudsil

1. Auannsalunissuuse (Load Capacity) v3aafindaa1n rPET 100% fanuudausanaiie
Wiguriu Virgin PET lagwan Virgin PET a@ansasuunsanagegnle 282.50 adu Tuvausiivan PET
100% $Uldifies 245.80 Sdu Fednduusyaniamitanasszuna Sevay 13.0

2. wgAnssunsidene (Failure Mode) ﬁqaaaﬂiﬂﬁmﬂwnﬁamsﬂugﬂLLUU n13laaAe (Buckling)
Usnurevnlazliauin (Neck and Shoulder) wilouiu wivan rPET 100% IUaAITZHENNT
Unseandudna (Lateral Bulging) fixnnnin uansduatiosnmuedlassadieiisnni

3. euduings (Critical Stress) fisgfunsidoguiindu ilo¥an PET iRnmnuduazaugenitua

\AiuA19aAs N (Yield Strength) 15031 Virgin PET deraliiinnisideguanislainenda

nan133iATgLansliiiuinsus sutanann Vigin PET 1w PET 100% d anali
AnuansalunsiuwsainavivanatedwiidedAy ulaeldgunsusuindaiiediy Feazouliiiuds
mmﬁwﬁm;uaaauﬁa’?a@ﬁaLaﬁaﬁm‘wL%qimqa%ﬁwmmmﬁﬁu INYUNDINIIAINTTY KAEWSRINaIUY
J1n791 PET 100% sldaulagliuiulgeiniseonuuueafiuandssianisiianisliuag s
nsTUINNSTLAas ST ssdeu Turasideatu nan1sTasssiiursmnanduingnded Wiy
wmslunsu$udsamsesniuy Wy mstasuanuudaussenzuinuneianagivauin ievawens
anasesautivan mslszgndliisiwludieduudludnuasdannsodisannmsveasadnisnimuuuans
Anasagn uazaduayunsimunussiusioniagludadifienudsdunaydeioldluszdugnamnssy
5.2 YaLuBnue (Recommendations)

' o

wielianunsathvin rPET 100% wildnusssldednsUaendenashuan detauaunuzaall
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52.1 ‘?J’EJLauaLLusﬁ’m%'Umﬂqmm‘lm‘iiu (Practical Recommendations)
®  MsUAEAINRU (Thickness Compensation) ¥n@eIn15lY rPET 100% A5RANTULALAIL
PUINTAYININ 0.25 1. U 0.28 - 0.30 wy. wWisyaweAIANNLdsield 13% agdqeler

PInsunsslafiguinduuan Virgin PET Lhs

®  n15UTuUTe3UNTS (Design Optimization) AdsLLAUYY (Ribs) nTeasulasuusIuTIMnaYIn
(Shoulder) Lt aiiuelauAAINABY (Moment of Inertia) P91 IuNIUNITNUIBLULA

Ingalalaglisouiulonarainiidly

5.2.2 Totaussugdmiunsidelueunnn (Future Research)

®  N15ANwIgRNIIEIUNEN (Blending Ratio) AISANYIEATIEIUNIINANTEIINS Virgin PET wag rPET
(1t 30%, 50%, 70%) Wiiev "Yaduny’ Aldiimuudusuaznisoyinsaanndon

® n1591a03a1UN"5aI8 U (Other Loading Cases) A25@nwIn155uussluguuuudy 1 ussng
futng (Side Load) :nn1sududu nonsannszunn (Drop Test) i eliasaungqunginssy

ATITUIT
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ABSTRACT

The objectives of this research were to: 1) design and develop a board game innovation,
2) evaluate the prototype's quality, and 3) assess the user acceptance of the innovation based on
Thai dessert cultural capital with community participation in the Thonburi District. The sample
group for evaluating the prototype quality consisted of 5 board game experts and 15 community
members. For the assessment of user acceptance, the sample group comprised 5 board game
experts and 30 tourists. The research instruments included in-depth interviews, an innovation
quality assessment form, and an acceptance evaluation form. Data were analyzed using Mean and
Standard Deviation.

The research findings revealed that the developed board game innovation, titled "The
Battle of Thonburi Dessert Masters," utilizes experiential learning mechanics consisting of three main
components: ingredient resource management, social interaction to facilitate negotiation, and
event cards to ensure gameplay balance and challenge. This game effectively reflects the identity
of local Thai desserts within the Thonburi area. Prototype evaluation results from both experts and
the community showed that the overall quality of the innovation was at a high level. Particularly,
the areas of cultural preservation within the content and the utility for further expansion received
the highest scores. Furthermore, the evaluation of user acceptance by experts and tourists
indicated a high level of acceptance. Users perceived the board game as a creative and entertaining
tool, serving as an effective medium for transmitting intangible cultural heritage to younger

generations.

Keywords: Cultural Capital Board Game Innovation; Thonburi Thai Desserts; Participatory Design;
Technology Acceptance Model
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